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© Chemilumlnescent acridlnium and phenantrldlnium salts. 

© Acridinium sulfony lam ides and isomers, such as phenanthridinium sulfonylamides, may be employed in 
applications including chemiluminmescent immunoassays. Methods for synthesis of these compounds include 
contacting an amine with a sulfony Ihalide to form a sulfonamide and acylating with an activated carboxylic acid 
of an acridine or isomer thereof. Trie N-sulfonyl-9-acridinium carboxamide and isomer may be conjugated to 
antigens, haptens, antibodies, and nucleic acids for use in chemi luminescent assays. 
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CHEMILUMINESCENT ACRIDINIUM SALTS 



Background 

The present invention relates in general to chemiluminescent methods and materials and in particular to 
s methods and materials involving chemiluminescent acridinium and phenanthridinium salts. 

Chemiluminescence may be defined as the generation of light from a chemical reaction. The mecha- 
nism of most chemiluminescent reactions is not known in detail, but a generalized mechanism [Schuster et 
al., Advances in Physical Organic Chemistry . 187-238 (1984)] may be outlined: 
A — 8* — B + Ji* 

ro Compound A undergoes a chemical reaction (usually oxidation) to yield a product in an electronically 
excited State ("Br"). As it returns to the ground state ("B"), this product gives up energy in the form of light 

( w h* n ). i 

Although competing dark reactions may decrease the efficiency of the overall reaction to less than 1%, 
some bioluminescent systems may achieve 60-70% efficiency, and, in many cases, limits of detection in 

75 the femtomole (10 15 mole) to attomole (10 18 mole) range have been recorded. 

Chemiluminescence has been used for a variety of purposes in analytical chemistry where other 
methods fail to have adequate sensitivity. In immunodiagnostics, chemiluminescent immunoassays 
("CUA") may thus match or exceed the sensitivity of radioimmunoassays ("RIA") or enzyme immunoas- 
says ( n EIA n ) [Kircka et al.. Diagnostic Medicine . h 45-52 (1984)]. 

20 Luminol and isoluminol derivatives are the most widely used chemiluminescent reagents for immunoas- 
says. The light-yielding reaction is initiated by oxidation with alkaline hydrogen peroxide in the presence of 
catalysts such as microperoxidase or transition metal ions. Light emission occurs at about 465 nm, which 
corresponds to the fluorescence emission of the product, aminophthalic acid. Aminobutylethyl isoluminol 
("ABEl") may be used as a label in immunoassays and is commercially available. 

25 A second group of chemiluminescent reagents, aryl oxalates [Gill, Aldrichimica Acta. 16 , 59-61 (1983) 
and Catherail et al.. J. Chem. Soc. Faraday Trans. 2, 80, 823-834 (1984)], have been used as commerical 
cold light sources [see e.g„ Tseng et al., U.S. Patent No. 4,338,213] and in high performance liquid 
chromatography ("HPLC") detectors [Kobayashi et ai., Anal. Chem. , 52, 424-427 (1980) and Miyaguchi et 
al., J. Chromatogr. , 303 , 173-176 (1984)]. It is thought that these derivatives react with hydrogen peroxide in 

30 buffered or unbuffered solvents to give a dioxetan-dione which decomposes quickly to give CO2 in an 
excited state. Energy is then transferred by electron transfer to a fluorescer molecule which emits light 

A third group of reagents, 10-methyl-acridinium-9-carboxylic acid aryl esters, are chemiluminescent in 
the presence of alkaline hydrogen peroxide and in the absence of a catalyst. The mechanism is thought to 
involve initial attack by a hydroperoxide anion, followed by intramolecular displacement of the phenolate 

35 (the "leaving group") to give a strained dioxetan-one. The strained dioxetan-one decomposes to CO2 and 
excited N-methyl-acridone, which emits light at 430 nm. Carboxy-substrtuted acridinium salts have been 
used as labels in immunoassays [Weeks et al., Clin. Chem., 29, 1474-79 (1983); Cam pell et al., European 
Patent Application No. 82.636; and McCapra et al., UK Patent No. GB 1.461.877]. Also, 5-methyl- 
phenanthridinium-6-carboxylic acid aryl esters, which are isomeric with the acridinium aryl esters, have 

40 been used as labels in immunoassays [Lin et al. European Patent Application No. 170.415]. 4 
Despite their usefulness in immunoassays, antibody-conjugated phenyl 10-methyl-9-acridiniumcarbox- 
alates. in our hands, are unstable due to hydrolysis above pH 4.0 (-20°C to 40°C), losing greater than 10% 
of their activity within three days. Although acridinium esters are stable below pH 4.0. conjugate antibodies * 
are often not stable in this pH range. 

45 In Tseng et al., supra, bis-N-alkyl-N-trifluoromethyl sulfonyl oxalamides are indicated to be more stable 
than the corresponding aryl esters and are also indicated to be as efficient The nucleofugacity of the 
phenol and the trifiuoromethyl sulfonamide are indicated to be comparable, i.e. it is indicated that each has 
a pKa of about 7. Gill, supra . "look forward" to the development of a particular sulfonyl oxalamide as an 
example of an oxalate with "higher" quantum efficiency. 

50 

Brief Description of the Drawings 

The Rgure illustrates the synthesis of a 10-alkyl-N-sulfonyl-9-acridlnium carboxamide according to the 
present invention. 
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Summary of the Invention 

The present invention provides chemiluminescent compounds identified by the formula 



5 



10 



IS 




and isomers thereof including isomers identified by the formula 



20 



25 



30 




wherein R ( R\ R*. X 1 , X 2 , and X 3 are substituents which do not interfere with effective chemiluminescence, 
with the proviso that R-X 3 . R'-X 2 and R'-X 1 may be independently hydrogen. More specifically. R, R* and R" 
may be spacer arms and X 1 . X 2 and X 3 may be independently members of the group consisting of 
hydrogen, carboxy, carboalkoxyl. carboxamido, carboaryloxy, cyano, carboximido, isocyanato, 
isothiocyanato, sulfo, sulfonyl halide, carbonyl halide, N-succinimidyloxycarbonyl and N-maleimide groups. 
Y is an appropriate counterion and may be selected from the group consisting of sulfate, alkylsulfate, 
halosulfate, haloborate, haloacetate, halophosphate, phosphate and halide. 

R, R', and R* may independently include a member selected from the group consisting of alkyl, 
alkylene, aryl, substituted alkyl, substituted alkylene and substituted aryl groups, such that one or more 
hydrogens of said member is replaced by an alkyl. aryl, alkylene, substituted alkyl, substituted alkylene, 
substituted aryl. alkoxy. aryloxy, halo, amino, protected amino, substituted amino hydroxy, protected 
hydroxy, oxo, thio. imino. mercapto or substituted mercapto group; or such that one or more carbon atoms 
of the member is replaced by a heteroatom. The heteroatom may be selected from the group consisting of 
nitrogen, phosphorus, suifur and oxygen. 

R, R\ and R" independently may also be spacer arms of the formula 
-(CH 2 ) n - 

where n = 0 - 50. Specifically, R* may be -CHrand X 1 may be -H. 

The currently most preferred compounds according to the present invention for use in chemilumines- 
cent immunoassays are 10-methyl-N-[2-carboxyethyl]-N-tosyl-9-acridinium carboxyamide, 10-(3-sul- 
fopropyl)-N-(2-carboxyethyi>-N-tosyl-9-acridinium carboxamide and 1 -(3-suffopropy l)-N-(3-sulf opropy l)-N- 
tosyl-9-acridinium carboxamide. 

A method, according to the present invention, for preparation of a chemiluminescent compound 
includes th steps of contacting an amine identified by the formula 
X3-R-NH2 

with a sulfonylhalide identified by the formula 
W-SOrR'-X* 
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in an inert solv nt in th presence of base to form a sulfonamide anion and m tal ion identifi d by the 
formulas 

M+ 

X 3 -R-N-S0 2 -R , -X 2 

and • acrylating with an activated 9-acridinecarboxylate compound according to the present invention, 
wherein W is selected from the group; consisting of chloro and fluoro groups, wherein M is selected from 
the group consisting of U, Na and K. wherein the activating group is selected from the group consisting of 
halo, imidazolo. N-hydroxysuccinimidyl and azido groups and wherein all other symbols are as defined 
above. 

A conjugate according to the present invention may be formed by covalently coupling an antibody, a 
hapten, an antigen or a polynucleotide (e.g., DNA or RNA) to a chemiluminescent compound according to 
the present invention, and a method for performing a chemiluminescent assay comprises the step of 
exposing a sample to be tested to the conjugate in order to detect the presence of a substance specifically 
reactive with the conjugate, e.g., a specifc antigen, a specific antibody or a complementary polynucleotide 
(i.e., a polynucleotide which forms sequence-specific hydrogen bonds with the polynucleotide conjugate 
according to the present inveniton). 



Detailed Description 

The problem of acridinium aryl ester instability is approached in the present invention by changing the 
leaving group from a phenolate to a sulfonamide anion. While both leaving groups have a pK a of about 10. 
the acridinium sulfonylamide has the additional stabilization associated with amide bonds. This is reflected 
in a comparison in the infrared of the carbonyl stretching frequency of the aryl ester (1730 cm 1 ) with that 
of th& sulfonylamide (1680 cm 1 ). 

A class of acridinium salts, 10-alkyl N-alkyl (aryl) sulfonyl-N-alkyl(aryl) 9-acridinium carboxamide salts, 
was prepared according to the general scheme illustrated in the Figure. In the Figure, R. R' and R* are 
substitutents which may function as spacer arms, solubility modifiers and/or reactivity modifiers but which 
do not interfere with the chemiluminescent reaction. ("Interfere" is defined herein to mean "prevent the 
production of effective chemiluminescence", i.e.. prevent production of chemiluminescence to the extent 
that the compound is not useful for the intended application.) Also in the Figure, X 1 . X 2 . X 3 are substituents 
which may function as solubility enhancers and/or as reactive groups for linkage to an analyte or as groups 
which may be readily converted to such reactive or linker groups by means well known to those skilled in 
the art Y is a counterion in the Figure. 

Salts produced according to the scheme of the Figure have generated light upon oxidation with alkaline 
hydrogen peroxide. The compounds were made from readily available amines pG-RNHd and sulfonyl 
chlorides (X^R'SOzCI). When acrylated with 9-chlorocarbonyl acridine, the intermediate sulfonamide (X 1 - 
RNH-SOzR'-X?) gave a new class of acridine compounds, which on alkylation gave the acridinium salts. 
Similarly, substitution of a 6-ch!orocarbonyl phenanthridine for the acridine in this scheme gives rise to a 
new class of phenanthridinium salts. These acridinium and phenanthridinium salts are useful for 
chemiluminescent labeling of proteins, nucleic acids and small molecules used in diagnostic testing. 

Several acridinium suifonylamides were prepared which have specific activity and stability suitable for 
use in diagnostic testing, particularly in CLIA. The synthesis of these compounds allows for the introduction 
of a variety of functional groups (X\ X 2 , X 3 ) which may be used in antibody labeling. In addition, the kinetics 
of the chemiluminescent reaction may be controlled* t>y the choice of the substitutents (R, R) on the 
sulfonamide leaving group. 

The compounds were evaluated for their efficiency by diluting 20 ul of a 10 9 M solution of the 
compound with 300 ul of 0.1 N HCL, then adding 150 ul of 0.03% hteCh in 0.2 N NaOH to trigger the 
chemiluminescence. Chemiluminescence was measured on a photon-counting luminometer. The light 
output was recorded as total photon counts, from which the efficiency of each compound was calculated as 
counts/mole. These are relative numbers, since the efficiency of the photon counting was instrument- 
dependent. Direct comparisons of compounds were carried out on the same instrum nt Th r suits are 
presented in Table I which the structures may be identified by the formula 
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wherein FT-X 1 is CH3* and R'-X 2 and R-X 3 are as indicated in Table 1, chemiluminscent output is 
abbreviated "GTS/MOLE." the time required for total light output is abbreviated "INT. TIME" and the time 
required to reach peak light output is abbreviated "PEAK CTS. n . 
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Ail of the tested compounds were efficient (5-20 x 10 18 counts/mole). The specific activity was 
50 insensitive to the nature of the R and R' groups at locations indicated above; however, the time required to 
reach peak light output and the time required for total light output differed by a factor of 50 between the 
fastest and slowest compounds. Electron withdrawing groups in R and R' increased the reaction rate while 
bulkyl, electfon-donating groups decreased the reaction rate. Although chemiluminscerrt compounds accord- 
ing to the present invention which have a chemiluminescent lifetime of 2-10 seconds are preferred for 
55 immunoassays, compounds having shorter lifetime may be useful as a source of intense, pulsed light and 
compounds having a longer lifetime may be useful as "cold light" sources. 

The stability of compounds prepared according to the present invention was assessed in several ways. 
First, the compounds were diluted to sub-nanomolar solutions in aqueous buffer at pH 5-7. The solutions 
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. were incubated at room temperature and at 45°C, while the decrease in chemiluminescence was monitored 
over time. This provided qualitative results whereby the relative stability of the compounds was determined. 
Anomalous results due to non-specific adsorption of the compounds on the incubation container were 
minimized by the addition of detergents, protein, and the like. Unambiguous, quantitative results were 

5 obtained by monitoring miilimolar solutions of the compounds by reverse phase high performance liquid 
chromatography ("HPLC^. The stability of these compounds was affected by R'and R' in the same way as 
were the kinetics of the chemiluminescence reaction, i.e. electron withdrawing groups destabilized and 
bulky electron donating groups stabilized the compounds. 

Although other techniques may be employed to label antibodies, the NHS activation method is 

to presently preferred. Other materials which function well according to the present invention include poly- 
clonal antibodies, monoclonal antibodies, Fab antibody fragments, all of which are hereinafter included in 
the general term "antibody," haptens, antigens, nucleic acid probes, and non-antibody binding proteins 
capable of binding complementary small molecular weight analytes (for example, folate binding protein, 
which binds folic acid, and intrinsic factor, which binds Vitamin B«). Antibody conjugates retain more than 

is 80% chemiluminescence after being heated at 45°C for four weeks. 

A solid phase sandwich immunoassay system for assaying hepatitis B surface antigen ("HBsAg") 
(Abbott Laboratories, Abbott Park, Illinois) was employed to compare CLIA according to the present 
invention with RIA. The type of antibody-coated bead, diluent, incubation conditions, washing condition and 
antibody preparation were the same except that the antibody was labeled with 125 t by the chloramine T 

20 method for RIA and labeled with NHS-activated N-sulfonyl-9-acridinium carboxamide for CUA. 

A solid phase sandwich immunoassay for human thyroid stimulating hormone (hTSH) was used to 
compare CLIA with El (Abbott Laboratories, Abbott Park, Illinois). The EIA employed a horseradish 
peroxidase ("HRPO")-labelled antibody while the CLIA used an NHS-activated N-sulfonyl-9-acridinium 
carboxamide. 

25 The present invention is more specifically described in the following examples. In Example 1, the 
preparation of sulfonamides which are useful in constructing compounds according to the present invention 
is set forth. Example 2 includes a description of the preparation of.N-sulfonyl-9-acridinecarboxamides 
according to the present invention. In Example 3, the preparation of 10-methyl N-sulfonyl-acridinium 
carboxamides is described. Examples 4-6 contain descriptions of syntheses of p-toluenesutfonyi (tosyl) 

30 compounds according to the present invention. In Example 7, the preparation of acridinecarboxamides is 
illustrated. 

Example 8-10 contain methods for synthesis of some acridinium carboxamides and products thereof 
according to the present invention. In Example 11, an evaluation of the chemiluminescence of N- 
sulfonylacridinium carboxamide compounds according to the present invention is provided. Example 12 

35 includes a report of a stability test of an acridinium carboxamide according to the present invention. In 
Example 13, the temperature and pH stability of two acridinium carboxamides according to the present 
invention is compared to the temperature and pH stability of an acridiniumcarboxylate. Example 14 is a 
description of a method for conjugating an antibody, specifically an immunoglobin Q pgG*) antibody, with 
a compound according to the present invention. The results of a heat stability study of a conjugate 

40 according to Example 14 are presented in Example 15. Example 16 includes a description of the 
preparation of anti-HBsAg acridinium-labeled conjugate as well as a comparison of the sensitivity observed 
in CLIA and RIA assays employing those conjugates. In Example 18, the synthesis of a phenanthridinium 
compound according to the present invention is described. Example 17 describes an anti-hTSH acridinium- 
labeled conjugate along with a comparison to an EIA system. 

45 

Example 1 

General Method for Preparation Of Sulfonamides 

50 

Amine starting materials for compounds 1-13 and 17-21 are available from Aldrich Chemical Co., 
Milwaukee, Wisconsin. For compounds 14-16 and 22-25, the appropriate aminocarboxylic acid (as obtained 
from Aldrich Chemical Co., Milwaukee, Wisconsin) was esterified according to standard, published proce- 
dures to provide the starting materials. 
55 In order to prepare a sulfonamide according to the present invention, the corresponding amine (200 
mole percent) was dissolved in anhydrous methylene chloride, and was treated dropwise at 0°C with a 
soluti n (100 mole percent) of the suffonyl chloride or anhydride. The solution was poured into anhydrous 
ether (5 volumes), washed with 1 .4 M H3PO4 (25 ml) and then brine (25 ml), and dried over MgSO*. After 
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filtering and evaporating, crude sulfonamid s w re crystallized from an appropriate solv nt. 

The following sulfonamides were prepared in this manner.. In the description accompanying the name of 
each compound, the abbreviation "MS" identifies peaks, such as the base peak ("M *) in the mass 
spectrum at a location (i.e., at an m/e) specified by the symbol "@". A melting point ("Mp") or an indication 
5 that th material is a liquid at room temperature ( .g. "oil") or decomposes before melting Cdecomp. w ) may 
be provided. Each compound is identified by a "compound number" (1-25 in this Example) followed by an 
"identifying number" (e.g. 13513-227) and a chemical name. 



10 



75 



20 



25 



30 



1, 



13513-227 



N-Phenyl-p-toluenesulf onamide 
MS M + § 247 
M_ 100-102°C 



35 



2. 



13513-228 



N-Phenyl-p-bromobenzenesulf onamide 
MS M + § 311 
Mp 115-117°C 



40 



45 



50 



55 
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3. 13513-229 

10 

4. 13513-231 

J5 

5. 13513-232 

20 



6. 13513-233 



30 

7. 13514-001 

35 



8. 13514-002 



45 

9. 13514-003 

50 



N-Phenyl-o-nitrobenzenesulfonamide 
MS M + § 278 
Mp 112-113°C 

N-Phenyl-p-nitrobenzenesulfonamide 
MS M + @ 278 
Mp 168-170°C 

N-Phenyl-2 , 4-dinitrobenzene- 

sulfonamide 
MS M + 8 323 
Mp 110-113°C 

N-Phenyl-trif luoromethane- 

sulfonamide 
MS M + @ 225 
Mp 65-67°C 

N-Isopropyl-p- 

toluenesulfonamide 
MS M + @ 213 
Mp 50-51°C 

N-Isopropyl-p- 

bromobenzenesulfonamide 
MS M + @ 277 
Mp 95-96»C 

N-Isopropyl-o- 

nitrobenzenesulfonamide 
MS M + @ 244 
Mp 119-120°C 
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10. 13514-004 

s 



JO 

11. 13514-006 



is 



12. 13514-025 

20 



25 

13. 13514-026 



30 



14. 13514-032 

35 



40 

15. 13514-057 



45 

16. 13514-058 



50 

17. 13513-170 



N-Isopropyl- 

trifluoromethanesulf onamide 
MS (M - 1) @ 190 
oil 

N-Isopropyl-p- 

nitrobenzenesulf onamide 
MS M + @ 244 
Mp 113-114°C 

N-Butyl-2,4,6- 

trime thy Ibenzenesulf onamide 
MS M + @ 255 
Mp 45°C 

N-Butyl-2,4,6,- 

trisopropylbenzenesulf onamide 
MS M + @ 339 
Mp 104°C 

• Benzyl 6-(N-tosylamino)- 
hexanoate 
MS M + @ 375 
oil 

t-Butyl -N-tosyl-s-alanine 
MS M + g 242 (M - 57) 
oil 

Benzyl 5-(N-tosylamino)-pentanoate 

MS M + @ 361 

oil 

N-Butyl-p-toluenesulf onamide , 
MS M + @ 227 
Mp 42-44°C 
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18 • 13513-173 N-Butyl-p-bromoben2enesulf onamide, 

MS M + @ 241 
Mp 53-54°C 

19 . 13513-172 N-Butyl-o-nitrobenzenesulf onamide , 

MS M + g 258 
Mp 58-60°C 

20 . 13513-174 N-Butyl-p-nitrobenzenesulf onamide 

MS M + § 258 
Mp 80-81°C 

21. 13513-213 N-Butyl-2, 4-dinitrobenzene 

sulfonamide , 
MS M + @ 304 
Mp 60-62°C 

22. 13513-085 Benzyl 6-(N-trif luoromethyl- 

sulf onylaraino)-hexanoate 
oil 

23. 13513-083 Benzyl N-( trif luoromethylsulfonyl)- 

4- ( carboxyme thyl ) aniline 



24. 14973-1A Benzyl N-( S-carboxypentylJ-p- 

bromobenzenesulf onamide 
MS M + @ 439 
Mp 52-56°C 

25. 14973-37A Benzyl N-(5-carboxypentyl)-p- 

nitrobenzenesulf onamide 
MS M + @ 406 



86-88°C 



Example 2 
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Preparation of N-sulfonyl-9-acridinecarboxamides 

Freshly sublimed potassium tert-butoxide (200 mole percent) and tri-n-butylbenzylammonium bromide 
(1 mole percent) were suspended in toluene under nitrogen. A selected sulfonamide (200 mole percent) was 

s added, the mixture was stirred for 10-30 minutes before evaporating to dryness and the dried materia! 
resuspended in the solvent [Alternatively, the phase transfer catalyst may be omitted and an appropriate 
anion may be generated in tetrahydrofuran.] After the addition of 9-chlorocarbonylacridine hydrochloride 
(200 mole percent), the reaction mixture was stirred for 3 to 14 hours at room temperature until no further 
change was noted by thin-layer chromatography (-TLC). The reaction solution was diluted with ethyl ether 

to (10 volumes) and washed with brine (25 ml). After drying over MgSO*. filtering and evaporating, the crude 
product was chromatographed (on a ChromatotronTW chromatograph [available from Harrison Research, 
Palo Alto, California] using a 2 mm silica rotor and employing an ethylacetate/hexane gradient). The 
fractions containing the product were collected, evaporated and crystallized from ether/heptane (i.e., the 
fractions were dissolved in ether followed by the addition of heptane until the mixture became cloudy). 

is The following compounds were prepared from starting materials as indicated in brackets wherein 
starting materials prepared herein are identified by the number associated with them in Example 1 or in this 
example, and wherein a commercial source is provided in brackets for each identified starting material not 
synthesized herein. All other notations are explained in Example 1 . 

20 



25 



30 



35 



40 



45 



50 
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TO 



T5 



25 



30 



40 



26. 13513-234 N-Phenyl-N-p-toluenesulfonyl- 

9-acridinecarboxamide 
[compound 1] 



MS M + @ 452 



200°C 



27 . 13513-236 N-Phenyl-N-p-bromobenzene- 

sulfonyl 9-acridinecarboxamide 

[compound 2] 
MS M + § 516 
20 Mp 218-219°C 

28. 13513-240 N-Phenyl-N-o-ni trobenzene- 

sulfonyl 9-acridinecarboxamide 

[compound 3] 
MS M + @ 483 



197-200°C 



29. 13513-242 N-Phenyl-N-p-nitrobenzene- 

sulfonyl-9-acridinecarbQx amide 
as [compound 4] 

MS M + @ 483 



30. 13513-243 N-Phenyl-N-trif luoromethane- 

sulf onyl-9-acridinecarboxamide 

[compound 6] 
MS M + @ 430 
45 Mp 162°C 

31. 13514-007 N-Isopropyl-N-p-toluene- 

M sulfonyl-9-acridinecarboxamide 

[ compound 7 ] 
MS M + § 418 
M_ 163-164°C 

55 P 
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32. 13514-009 



10 



is 33. 13514-012 



20 



34. 13514-001 

25 



30 

35. 13514-028 



35 



40 

36. 13514-031 



45 



37. 13514-042 

50 



N-Isopropr opy 1-N-p- 

bromobenzenesulf onyl-9- 

acridinecarboxamide 
[compound 8] 
MS M + @ 482 
Mp 205°C 

N-Isopropyl-N-o-nitrobenzene- 

sulfonyl-9-acridinecarboxamide 
[compound 9] 
MS M* @ 449 
Mp 215°C 

N-Isopropyl-N-tr if luorome thane 

sulfonyl-9-acridinecarboxamide 
[compound 10] 
MS M + 6 396 

N-Buty l-N-2 , 4 , 6 , -fcr ime thy 1- 
benzenesulfonyl-9-acridine- 
carboxamide . . 

[compound 12] 

MS M + @ 460 

Mp 88-90°C 

N-Butyl-2 , 4 , 6~tr iisopropylbenzene- 

sulfonyl-9-acridinecarboxamide 
[compound 13] 
MS M + @ 544 

Benzyl N-tosyl-N- ( 5-carboxypentyl ) -9 

acridinecarboxamide 
[compound 14] 
MS M + @ 550 
oil 
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s 38. 13514-062 



70 

39. 13514-069 

15 



20 

40. 13513-186 



25 



41. 13513-191 



35 



42. 13513-195 

40 



45 



43. 13513-218 

50 



Benzyl N-tosyl-N-(4-carboxybutyl)-9- 

acr idinecar boxamide 
[compound 16] 
MS M + @566 

t-Butyl N-tosyl-N- ( 2-car boxyethy 1 ) - 

9-acr idinecar boxamide 
[compound 15] 
MS M + 504 
Mp 157-158°C 

N-Butyl-N-p-toluenesulfonyl-9- 

acridinecarboxamide 
[compound 17] 
MS M + § 432 
Mp 122-123°C 

N-Butyl-N-o-nitrophenylsulfonyl 

-9-acr idinecarboxamide 

[compound 19] 
MS M + @ 463 
Mp 170°C 

N-Butyl-N-p-nitrophenylsulfonyl-9- 

acr idinecarboxamide 
[compound 20] 
MS M + 463 
Mp 210°C 

N-Butyl-N- ( 2 , 4-dini t rophenylsulf onyl ) 

-9-acr idinecarboxamide 
[compound 21] 
MS M* § 508 
Mp 95°C 
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44. 14973-9C 



70 



75 



20 



25 



30 



35 



40 



45. 14973-40C 



46. 14973-88A 



47. 14973-21C 



48. 13513-202 



Benzyl N-(5-carboxypentyl)-N-p- 
bromobenzenesulfonyl-9- 
acridinecarboxamide 

[compound 24] 

MS (M + H) @ 645 

Benzyl N-( 5-carboxypentyl)-N-p~ 
nitrobenzenesulf onyl-9- 
acridinecarboxamide 

[compound 25] 

MS (M + H) § 645 

N-p-Toluenesulfonyl-9- 

acridinecarboxamide 
[p-toluene sulfonamide (Aldrich) ] 
Mp 276°C 

N-Allyl-N-p-toluenesulf onyl-9- 

acridinecarboxamide 
[compound 46] 
Mp 136-138°C 

N-Butyl-N-p-bromobenzenesulfonyl- 

9-acridinecarboxamide 
MS M + % 496/498 
Mp 148-149°C 



Example 3 

45 Preparation of 10-Methyl N-sulfonylacridinium carboxamides 

Methylation of N-sulfonylacridine carboxamides was performed according to the following procedure. 
Each acridine sulfonylamide was dissolve in anydrous methylene chloride. Anhydrous Na^CQs (5 X weight 
of the sulfonamide) was added followed by methyl triflate (20 X weight of the sulfonamide). The suspension 
so was stirred under nitrogen for 14-48 hours at room temperature to 40° C. The reaction was monitored by 
TLC (reverse phase). The product was obtained after filtration and evaporation of the solvent and of excess 
methyl triflate. Purification was achieved by triturating the solid residue with hot benzene or by reverse 
phase HPLC. 

The following compounds were prepared, and they are described according to the numerals, symbols 
55 and abbreviations which are explained in Example 1 or in Example 2. 
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5 



49. 13513-246 

/5 



20 



50. 13513-247 



30 



35 

51. 13513-248 

40 



1 0 -Me thy 1-N-phe ny 1-N-p- 
toluenesulfonyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 

(compound 26] 

MS M + § 467 

Mp 210-24°C (decomp.) 

10-Methyl-N-phenyl-N-p- 
broraoben:zenesulfonyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 27] 

MS M + § 531 , 533 

Mp 240°C (decomp.) 

10-Methyl-N-phenyl-o-nitro- 
benzenesulfonyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 28] 

MS M + § 490 

Mp 248-50°C (decomp. ) 



55 
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52. 13513-249 

10 



15 



53. 13513-250 

20 



25 



54. 13514-013 

30 



35 



40 

55. 13514-014 



45 



10-Methyl-N-phenyl-N- 

trif luoromethanesufonyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 30] 

MS M + @ 445 

10-Methyl-N-phenyl-p- 
nitrqbenzenesulf onyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 29] 

MS M + @ 484 

10-Methyl-N-isopropyl-N-p- 
toluenesulfonyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 31] 

MS M + @ 433 

Mp 214°C 

10-Methyl-N-isopropyl-N-p- 
bromobenzenesulfonyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 32] 

MS M + @ 497/499 

Mp 200 °C (decomp) 
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56. 13514-018 

5 



TO 



57. 13514-021 



20 



58. 13514-037 



30 



05 

59. 13514-038 

4Q 



45 



60. 13514-044 

50 



10-Methyl-N-isopropyl-N-o- 
nitrobenzenesulfonyl-9- 
acridinium carboxamide 
trif luoroiaethanesulfonate 

[compound 33] 

MS M + § 464 

10-Methyl-N-isopropyl-N- 

trif luoromethanesulfonyl-9- 
acridiniura carboxamide 
trif luormethanesulfonate 

[compound 34] 

MS M + @ 411 

10-Methyl-N-butyl-N- ( 2 , 4 , 6- 
trimethylbenzenesulfonyl- 
9-acridinium carboxamide 
trif luoromethanesulfonate 

[compound 35] 

MS M + @ 475 

Mp 227°C (decomp.) 

10-Methyl-N-butyl-N- ( 2 , 4 , 6 

triisopropylbenzenesulfonyl-9- 
-acridinium carboxamide 
trif luoromethanesulfonate 

[compound 36] 

MS M + § 559 

Mp 231°C (decomp.) 

Benzyl 10-raethyl-N-tosyl- 
N- { 5-carboxypentyl ) -9 
-acridinium carboxamide 
trif luoromethanesulfonate 

[compound 37] 
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61. 13514-079 

10 



15 



so 62.. 13513-211 



25 



63. 13513-212 



35 



40 

64. 13513-215 

45 



t-Butyl 10-methyl-N-tosyl- 
N- ( 2-carboxye thyl ) -9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 39] 

MS M + @ 519 

Mp 207°C (decomp.) 

10-Methyl-N-butyl-N-p- 
toluenesulf onyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate . 

[compound 40 J 

MS M + @ 447 

10-Methyl-N-butyl-N-p- 
bromobenzenesulf onyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 48] 

MS M + § 511 

Mp 126°C 

10-Methyl-N-butyl-N-o- 
nitrophenylsulfonyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 41] 

MS M + § 478 

Mp 232-234°C 



55 
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65. 13513-216 

70 



75 



66. 13513-230 

20 



25 



30 

67. 14973-31B 



35 



40 

68. 14973-47A 



45 



10-Methyl-N-butyl-N-p- 
nitrophenysulfonyl-9- 
acridinium carboxamide 

trif luoromethanesulfonate 
[compound 42] 
MS M + § 478 
Mp 201°C 

10-Methyl-N-butyl-N- ( 2-4 
dini trophenylsulf onyl ) -9- 
acridiniuni carboxamide 
trif luoromethanesulfonate 

[compound 43] 

MS M + @ 523 

Mp 215-220°C 

10-Methyl-N-allyl-N-p- 
toluenesulf onyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 47] 

MS M f 2 g 433 

Benzyl 10-methyl-N-( 5- 
car boxypentyl ) -N-p- 
nitrobenzenesulf onyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 45] 

MS M + § 626 

Mp 139-141°C 



21 



0 273 115 



70 



69- 14973-90A 



10-Methyl-N-methyl-N-p- 
toluenesulf onyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 46] 

MS M + § 405 



75 



70. 14973-25A 



Benzyl 10-methyl-N-( 5-carboxypentyl)-N- 

(o-bromobenzenesulf onyl) -9- 

acridinium carboxamide 
[compound 44] 



20 



25 



30 



35 



Example 4 

Synthesis of 1 0-methy l-N-tosy l-N-(6-hexanoy I-N-hydroxysuccinimido)-9-acridinium 
trifiuoromethanesulfonate 



carboxamide 



Compound 37 (450 mg, 0.78 mmoles) was treated with 6 ml of 31% H8r in acetic acid at 50°C for 2 
hours under N2. The solution was poured into 30 ml of water and cooled. Carboxylic acid compound 71. 
13514-045 [N-tosyhN-(5-c^rboxypentyl)-9-acridinecarboxamide] was separated by filtration. 

Compound 71 (100 mg.. 0.2 mmol) was dissolved in dry methylene chloride (5 ml) and treated with N- 
hydroxysuccinimide (23 mg. 0.2 mmol) and dicyclohexylcarbodiimide (41 mg) under Nzfor 12 hours. After 
reacting, the solution was filtered and then evaporated to dryness to yield an active ester, compound 72. 
1 351 4-952 [N-tosy l-N-(6-hexanoyl-N-hydroxysucdnimido)-9-acridinecarboxamide]. 

Compound 72 was methylated as in Example 3 to give compound 73. Compounds 71, 72 and 73 are 
described below using the numerals, symbols and abbreviations which are explained in Example 1. 



40 



45 



so 



55 
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70 



explained in Example 1. 

71. 13514-045 N-Tosyl-N-(5-carboxypentyl)-9- 

acridinecarboxamide 
[compound 37] 
MS M + @ 240 



150-152°C 



75 



72. 13514-052 N-Tosyl-N-( 6-hexanoyl- 

N-hydroxysuccinimido ) -9- 
acridinecarboxamide 
[compound 71] 
2o MS M + @ 588 



73. 13514-054 10-Methyl-N-tosyl-N-( 6- 

hexanoyl-N-hydroxysuccinimido ) 
-9-acridinumcarboxamide 
trif luoromethanesulfonate 
[compound -72] 



25 



30 Example 5 



Synthesis of 10-Methyl-N-tosyl-N-(5-pentanoyl-N-hydroxysuccininimidoh9-acridinium carboxamide 
trifluoromethanesulfonate 

35 Compound 38, 13514-062, was treated as in Example 4 and yielded compound 74, 13514-065 [N-tosyl- 
N(4-carboxybutyi)-9-acridinecarboxamide]. 

Compound 74 was coupled to N-hydroxysuccinimide, as in Example 4, to give compound 75, 13514- 
067, N-tosyl-N-(5-pentanoyl-N-hydroxysuccinimido)-9-acridinecarboxamide. This compound was methylated 
as in Example 3 to give compound 76, 13514-78 [10-methyl N-tosyl-N-(5-pentanoyl-N-hydroxysuccinimide)- 
40 9-acridinium carboxamide trifluoromethanesulfonate]. 

Compounds 74. 75 and 76 are described using the numerals, symbols and abbreviations which are 
explained in Example 1. 



45 



50 



55 
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to 



74. 13514-065 



75. 13514-067 



15 



N-Tosyl-N- ( 4-car boxybutyl ) -9- 

acridinecarboxamide 
MS M + @ 476 
Mp 152-155°C 

N-Tosyl-( 5-pentanoyl N-hydroxy 

succinimido)-9-acridinecarboxamide 
[compound 74] 
MS M + @ 573 



20 



25 



30 



35 



76. 13514-078 



Example 6 



10-Methyl-N-tosyl-N-{ 5- 
pentanoyl-N-hydroxy- 
succiniiaido ) -9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 75] 



Synthesis of 10^ethyl-N-tosyl-N^2-K^rtwxyethyl-9-acridinium carboxamide trifluoromethanesulfonate 

Compound 61, 13514-079 (50 mg, 0.072 mmol) was dissolved in 2 ml of trifluoroacetic acid ["TFA"] at 
0°C under N2. After stirring for 15 minutes, the TFA was evaporated and the residue was recrystallized from 
methanol/ether (i.e., the residue was dissolved in methanol, adding ether until cloudy). Alternatively, 
compound 61, was refluxed in 1 N HCi for 3 hours. The aqueous solution was evaporated to dryness to 
leave a residue, and the residue was purified by preparative reverse phase HPLC. Compound 77, 13514- 
081 [10-methyl N-tosyl-N-(2-carboxyethyi)-9-acridinium carboxamide] resulted from either approach. Com- 
pound 77 is described using the numerals, symbols and abbreviations which are explained in Example 1. 



40 



45 



77. 13514-081 



50 



10-Methyl-H-tosyl-N- 
( 2-carboxyethyl ) -9- 
acridinium carboxamide 
trifluoromethanesulfonate 

[compound 61] 

MS (M + 14) @ 477; M + @ 463 
Mp 227°C (decomp.) 



Example 7 



55 
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Preparation of Acridinecarboxamides 

An amine (110 mole percent) and triethylamine (220 mole percent) were dissolved in methylene 
chloride. One hundred mole percent of 9-chlorocarbonyl acridine was added dropwise as a solution in 
5 methylene chloride. The r action was stirred under for 3 hours. The solution was filtered through silica 
gel and the filtrate was evaporated to leave a residue. The residue was then recrystallized from an 
appropriate solvent (isopropyl ether for compound 78 and ethyl ether for compound 79). 

The following amides were prepared, and are described using the numerals, symbols and abbreviations 
which are explained in Example 1. 

10 

78. 14973-15A N-Allyl-9-acridinecarboxaraide 

[Allyl amine (Aldrich) ] 
15 MS M + § 262 



192°C 

20 ^ 

79. 14973-6A Benzyl NH ( 5-carboxypentyl ) -9- 

acridinecarboxamide 
ss [6-Amino caproic acid (Aldrich)] 

MS M + § 458 
Mp 86°C 

30 

Example 8 

Synthesis of Acridinium carboxamides 

35 

An ester (either compound 44 or compound 68) was added to a 1 N HCI solution and refluxed for 3-4 
hours. Upon cooling, the suspension was either filtered and the product collected, or the suspension was 
extracted with a chloroform:isopropanol (3:2) mixture, which provided the desired product (compound 80 or 
81, respectively) on evaporation. Compounds 80 and 81 are described using the numerals, symbols and 
abbreviations which are explained in Example 1. 



8Q . 14379-27A 10-Methyl-N- ( 5-carboxypentyl ) -N- 

45 

p-bromobenzenesulfonyl-9- 
acridiniura carboxamide 
trifluoromethanesulfonate 
so [compound 44] 

MS M + @ 569, 571 

Mp 148-150°C 

55 
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81. 14973-51A 10-Methyl-N- ( 5-carboxypentyl)-N- 

p-nitroben2enesulfonyl-9- 
acridinium carboxamide 
trifluoromethanesulfonate 
[compound 68] 
MS M + @ 536 

Example 9 

Synthesis of lO-(3-sulfopropyl)-N-to5yl-N-(2-<^boxyethyl)-9-acridinium carboxamide 

Propane sultone (260 mole percent) was heated with t-butyl N-tosyhN-(2-carboxyethyI)-9-acridinecar- 
boxamide (compound 39, 13514-069) at 110 -120°C for 2 hours. After cooling, the solid mass was taken up 
in methanol and filtered. The filtrate was evaporated to dryness and the residue triturated with benzene to 
remove un-quatemized material. 

The crude product compound was treated with trifluoracetic acid at 0°C then allowed to warm to 25°C 
over a period of 15 minutes. The residue obtained upon evapoation was purified chromatographically on 
preparative thick-layer chromatography plates (C-18 PLKC 18F, 20 x 20 cm, 1000M. as available from 
Whatman, Clifton, New Jersey), eluted with 70 parts methanol/30 parts 0.5% aqueous acetic acid, and 
further purified by ion exchange on Celiex-DTM resin [BioRad Laboratories, Richmond, California] using 8% 
formic acid to elute the product, compound 82. which is described below using the numerals, symbols and 
abbreviations which are explained in Example 1. 

10-(3-sulfopropyl)-N-tosyl-N-(2- 
car boxyethyl ) -9— 
acridinium carboxamide 
[compound 39] 
MS M + 6 572 



82. 14496-243 



35 



Example 10 

Synthesis of 10-(3-sulfopropyl)-N-tosyl-^4-{3-sulfopropyl)-9-acridinium carboxamide 

Fifty milligrams of N-tosyi-9-acridinecarboxamide (compound 46, 14973-88A) were heated at 140-1 50° C 
under argon in a sealed tube with 500 mg of propane sultone for 3 hours. After cooling, excess propane 
sultone was removed by trituration with benzene (5 ml X 3). The crude product was purified by anion 
exchange chromatography using BioRad AG-1-X4 formate form [BioRad Laboratory, Richmond. California], 
eluted with a gradient of aqueous formic acid. The product, compound 83, is described below using the 
numerals, symbols and abbreviations explained in Example 1 . 

83. 30253-020 10-(3-Sulfopropyl)-N-tosyl-N-( 3- 

sulf opropyl ) -9- 
acridinium carboxamide. 
[compound 46] 
MS M + H @ 621. 
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Example 1 1 

Evaluation of N-sulfonylacridinium carboxamide Chemiluminescence 

5 Acridinium compounds to be tested for chemiluminescence were dissolved in dimethyl formamide 
("DMF") and then diluted with 0.05 M sodium citrate (pH 5.0) of 0.05 M sodium phosphate (pH 7.0) buffer 
to give solutions of about 3 X 10 9 M. Twenty microliters of each buffered solution was diluted with 300 ul of 
0.1 N HCl and chemiluminscence was triggered with 150 ul of 0.03% hfeOj in 0.2 N NaOH. 

The light generated was recorded on a photon counter luminometer over a 10 second interval except 

w where a longer interval is indicated in Table 1 . The specific activity of each compound is provided in the 
form of counts/moles in Table 1 . 



TABLE 2 

15 

Compound No. Identifying No. Counts/Mole 



20 


49 


13513-246 


9.4 x 10 




50 


13513-247 


9 x 10 18 




51 


13513-248 


1 x 10 19 


25 


50 


13513-249 


1.2 x 10 




53 


13513-250 


1 x 10 19 



18 



19 



54 


13514-013 


8.3 x 10 18 


55 


13514-014 


1.25 x 10 19 


56 


13514-018 


1.1 x 10 19 


57 


13514-021 


1.5 x 10 19 


58 


13514-037 


5.2 x 10 18 






(50 sees) 


59 


13514-038 


1.4 x 10 19 






(20 sees) 


62 


13513-211 


5 x 10 18 


63 


13513-212 


7 x 10 18 


64 


13513-215 


6.1 x 10 18 


65 


13513-216 


8 x 10 18 


66 


13513-230 


5 x 10 18 



Example 12 

Stability Test of Compound 62 (13513-211) 

Compound 62 (2 mg) was dissolved in 1 ml of methanol. Fifty microliters of this solution were added to 
each of the following buffers: 

1) 500 microliters of 0.05 M sodium phosphate, pH 5.0 

2) 500 microliters of 0.05 M sodium phosphate, pH 5.5 

3) 500 microliters of 0.05 M sodium phosphate, pH 6.0 
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4) 500 microliters of 0.05 M sodium phosphate, pH 6.5 

5) 500 microliters of 0.05 M sodium phosphate, pH 7.0. Each solution was analyzed on a Perkin- 
Em r S ri s 4 HPLC using a reverse phase column (C-18 u Bondapak. 3.9 mm x 30 cm, available from 
Waters Associates, Mifford. Massachusetts). The eiution was done with 75% methanol and 25% 5 mM 
pentanesulfonic acid in 1% aqueous acetic acid at a flow rate of 1 ml/min. The effluent was monitored at 
254 nm. 

After 4 weeks at room temperature, the solutions at pH 5.0. pH 5.5 and pH -6.0 showed no sign of 
decomposition, while at pH 6.5 and at pH 7.0. 20% and 70% decomposition were seen, respectively. 



10 



15 



20 



25 



Example 13 

Comparison of Temperature and pH Stabilities of Acridinium Compounds in Buffer at pH 72 

Three different acridinium compounds, compound 62, 13513-211, a compound identified by the number 
13514-020 [4-(carbobenzyloxymethyl)-phenyl-10-methyl-9-acridinium carboxylate trifiuoromethanesulfonate] 
as prepared as in Weeks, et ai.. Clin. Chem. , 29, 1474-79 (1983), and compound 83, 30253-020, were 
compared for temperature and pH stability. The comparison was carried out in methanol or water at a 
concentration of 1.0 mg/ml (which is approximately equivalent to 1.6 X 10 3 M). Each of the samples was 
diluted 1:100 in an acid solution containing one part of 0.1 N HCI plus one part phosphate-buffered saiine 
("PBS") pH 6.8 with 0.01% Tween 20® (available from. Sigma Chemical Company, St. Louis, Missouri). The 
final pH of the diluent solution were about 1 .5. The molarity of each of these solutions was 1 .6 X 10 5 M. 

Each of the solutions was scanned to record a UV-visible absorption spectrum in order to determine 
molar extinction coefficients and in order to detect any appreciable differences in the absorbance spectra. 
The UV-visible absorption spectra of these acridinium compounds have the characteristics presented in 
Table 2. 



TABLE 3 



30 



Compound 
No. 



Identifying 
No. 



Observed 
Wavelength Absorbance 



35 



62 



13513-211 



263nm 
369nm 



1.40 
0.286 



40 



83 



30253-020 



263 .5nm 
370nm 



1.42 
0.304 



45 



13514-020 



262nm 
368nm 



1.72 
0.334 



For all three compounds, eso » 18,000 and eaa *87 t 000. 

These spectra indicate that there is very little difference either in UV-visible absorbance or in molar 
so extinction coefficients among these three compounds. In fact within the limitations of experimental error, 
few or no spectral differences were observed. 

The 1 .6 X 10 5 M stock solutions of the three compounds were serially diluted 10-fold in 0.01 M sodium 
phosphate with 0.05% normal human serum at pH 4.8. They were also serially diluted 10-fold in PBS (pH 
7.2) with 0.01% Tween 20®. 
55 Because it is known that, in general, acridinium compounds are more stable at an acid pH, it was 
assumed that the counts obtained from the samples diluted in pH 4.8 buffer would be representative of the 
maximum stability with maximum chemiluminescnet output All three compounds were serially diluted 10- 
fold to a final concentration of 1.6 X 10 10 M. A 10 ul aliquot of each sample was added to 90 ul of 0.05 N 
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HCI. Chemiluminescence was triggered with 200 ul of 0.03% Hjfh in 0.25 N NaOH and counts were 
monitored on a luminometer for 6 seconds with results as presented in Table 3. Results are presented in 
Tabl 3 for each of thr e runs. 

TABLE 4 

Compound No. Identifying No . Counts/6 Seconds 

62 13513-211 92,669 

91,241 
91,995 ° 

83 30253-020 138,791 

141,962 
145,133 

13514-020 59,438 

59,443 
59,449 

Within experimental error, chemiluminescent output on the luminometer did not differ among the com- 
pounds, as indicated in Table 4. 

TABLE 5 

Chemiluminescent Output at pH 4.8 - 
Compound No. Identifying No. Counts/Mole 

62 13513-211 
83 30253-020 

13514-020 3.7 X 10^ 

When 10 ul of these same compounds were diluted to 1.6 X 10 10 M in 90 ul PBS buffer (pH 7.2) with 
0.01% Tween 208 and not acidified prior to running chemiluminescence output determinations as above, 
the results were somewhat different, especially for the acridinium carboxylate compound 13514-020. as 
shown in Table 5. Results are presented in Table 5 for each of three runs. 



5.7 X 10 



19 



8.7 X 10 



19 
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TABLE 6 



Chemiluminescent Output at pH 7.2 



Compound No. 



Identifying No. 



Counts/6 Seconds 



62 



13513-211 



88,633 
89,135 
90,394 



83 



30253-020 



133,560 
137,929 
142,299 



13514-020 



8,185 
7,274 
6,363 



The compound identified by the number 13514-020 produced only 4.4 X 10 18 counts/mole in pH 72 
buffer, almost an order of magnitude fewer counts than it produced at pH 4.8. This may be due to 
pseudobase formation by a large proportion of the molecules at the more alkaline pH. the pseudobase 
being substantially less chemiluminescent than the corresponding positively charged acridinium compound. 

The N-suifonylacridinium carboxamide compounds showed only a very small drop in counts when 
incubated at pH 7.2. This suggests that they do not undergo pseudobase formation to any appreciable 
degree, at least at this pH. 

The dilution series of all three of the acridinium compounds in pH 7.2 buffer were stored overnight at 
room temperature and then assayed. Both N-sulfonylacridium carboxamide compounds showed virtually no 
change in chemiluminescence. The phenyl acridiunium carboxylate showed a significant drop after 20 hours 
at room temperature. 

The samples were then placed in an incubator at 45 °C. Every day for the duration of the study they 
were removed from the incubator, cooled to room temperature, and 10 ul aiiquots diluted in 90 ul of PBS 
buffer (pH 7.2) were assayed for chemiluminescence. 

Neither of the N-sutfonyiacridinium carboxamides showed any significant difference in chemilumines- 
cent output when diluted either in 0.05 N HCi or in PBS at pH 7.2. However, the acridinium carboxylate 
13514-020 exhibited a significantly different chemiluminscent output when diluted in 0.05 N HCI or in PBS 
buffer at pH 7.2. When diluted in PBS buffer (pH 7.2), the acridinium carboxylate consistently produced at 
least 10-fold fewer counts than when diluted in 0.05 N HCI. 

The 10.N-bis-(3-sulfopropyl) acridinium carboxamide (compound 83. 30253-020) appears to be quite 
stable at pH 7.2 at 45°C. After 10 days under such conditions no appreciable loss of chemiluminescence 
was observed. Compound 13513-211 produced 10-fold fewer counts, and the acridinium carboxylate 13514- 
020 produced 10 3 fewer counts under the same conditions. 



Example 14 

Preparation of Labeled IgG 

Disulfopropyi compound 83. 30253-020. was activated by treatment with phosphorous oxychloride in 
acetonitrile at 45° C for 12 hours under argon. The solvent and excess POCb were removed jn vacuo and 
the activated compound was used directly in the labeling reaction. 
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Thus. 10 mg of rabbit IgG (Sigma Chemical Company. St Louis, Missouri) was dissolved in 0.1 M 
sodium phosphate buffer (2 ml, pH 7.0) containing 1% Tween 80 . One ml of this solution was mixed with 
about 2 mg of the bis-sulfonylchloride. The solution was agitated periodically by sonication and stirring for 
one hour at room temperature. 
5 . An aliquot (0,5 ml) of th reaction solution was chromotographed over Sephadex G-25 (10 cm X 0.75 
cm), as available from Pharmacia, Piscataway, New Jersey, and eluted with 0.1 M phosphate buffer (pH 
6.5). 

The labeled protein eluted as a weakly green fluorescent band. The labeled protein was further purified 
by HPLC using a Bio-Sil® TSK-250 column (BioRad, Richmond. California). The resulting conjugate (30253- 
io 34) contained 0.8 labels/protein, as determined from the ratio of the absorbance of 370 nm (« a 10,000. 
acridinium salt) to the absorbance 280 nm (c a 210.000, IgG). 



Example 15 

15 

Heat Stability Studies 

The conjugate 30253-34, as synthesized in Example 14, was serially diluted 10-fold n three buffers (0.1 
M sodium phosphate, 0.01*% Tween 20®. pH 6.3; 0.01 M sodium phosphate, 0.15 M NaCI, 0.01% Tween 

20 20®, pH 6.8; and 0.01 M sodium phosphate, 0.15 M NaCI, 0.01% Tween 20®, pH 7.2) to a concentration of 
2 X 10 9 M IgG and 1.6 X 10 9 M acridinium. A dilution series was prepared and initial counts were 
recorded by taking 10 ul of the sample, diluting with 90 ui of PBS buffer at pH 6.3. pH 6.8. or pH 7.2. and 
then triggering chemiluminescence with 200 ul of 0.03% H£h in 0.25 N NaOH. A 100 Ml sample of PBS 
buffer was used as a control for each series. 

25 Counts shown in Table 6 are averages of results for duplicate samples assayed on the day on which 
the dilution series was prepared. The concentration shown in Table 5 is the concentration of the sample 
prior to dilution. The amount of parentheses for each entry in Table 5 is the amount of conjugate present in 
the sample. 
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TABLE 7 

Concent rat ion ( Amount ) Counts/6 Seconds 

pH 6.3 

buffer (0 moles) 253 
2 X 10~ 10 M (2 X 10" 14 moles) 216,054 



1 X 10" 10 M (IX 10~ 14 moles) 100,842 

5 X 10" 11 M (5 X 10" 15 moles) 48,704 
2.5 X 10" 11 M (2.5 X 10" 15 moles) 23,771 
1.25 X lO^ 11 M (1.25 X 10~ 15 moles) . 11,475 

6 X 10" 12 M (6 X 10~ 16 moles) 5,866 



pH 6.8 

buffer (0 moles) 233 

2 X 10" 10 M {2 X 10~ 14 moles) 295,608 

1 X 10" 10 "M (1 X 10^ 14 moles) 149,725 

5 X 10" 11 M (5 X 10~ 15 moles) 76,820 
2.5 X 10" 11 M (2.5 X 10" 15 moles) 38,801 
1.25 X 10" 11 M (1.25 X 10" 15 moles) 18,408 

6 X 10~ 12 M (6 X 10" 16 moles) 9,398 

pH 7.2 

buffer (0 moles) 726 

2 X 10" 10 M (2 X 10~ 14 moles) 309,445 
1 X 10" 10 . M (1 X 10" 14 moles) 156,311 

5 X 10" 11 M (5 X 10" 15 moles) 77,238 
2.5 X 10" 11 M (2.5 X 10" 15 moles) 39,879 
1.25 X 10" 11 M (1.25 X 10~ 15 moles) 19 , 925 

6 X 10" 12 M (6 X 1Q~ 1S moles) 10,526 

Each dilution series was placed in a warm air incubator at 45 °C after an initial reading was taken. A 
duplicate reading was made on each sample daily and then the readings were averaged. 

When the conjugate was stored at pH 6.8 and at 45°C. there was no loss in chemiluminescent activity 
of the label over a 15 day period of observation, at any dilution. Essentially the same results were observed 
when the conjugate was stored in PBS buffer at pH 7.2. 



Example 16 

Comparison of CLIA vs. RIA 
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A. Preparation of Acridinium-Labeled Anti-HsAg Conjugate. 

Compound 75 (13514-081, Example 6) (12.5 umol) was-dissolved in 200 ul of DMF f was treated with 
NHS (dissolved in 50 ul of DMF) and dicyclohexylcarbodiimide (dissolved in 50 ul of DMF) ("DCC"); and 
5 stirred for 12 hours at room temperature. The solution of the activated ester was mixed with mouse 
monoclonal anti-HBsAg in 0.1 M sodium phosphate buffer (pH 6.3) in a molar ratio of 100:1 at 4°C for 12 
hours. 

The conjugate was then dialysed against PBS buffer. pH 6.3. until the absorbance of the dialysate 
indicated no free label. A UV spectral analysis indicated between 2 to 6 labels/antibody (as determined from 
io a ratio of absorbances as in Example 14). 



B. Assay for HBsAg. 

/s Ether type A d or type Ay HBsAg (200 ul) was diluted in caJf serum and was reacted with an 
AuszymeTM (Abbott Laboratories, Abbott Park, Illinois) monoclonal antibody bead and 2 X 10 6 of counts of 
^-labeled mouse monoclonal anti-HBsAg antibody (40 ul, in the RIA) or an acridinium-labeled mouse 
monoclonal anti-HBsAg antibody (40 ul, in the CUA) in PBS containing 50% caif serum. 10% human 
serum. 0.05% Tween 20® and 5 mM EDTA (pH 6.3), for three hours at 40°C. The beads were then washed 

20 6 times in water and counted for their activities. Calf serum was used as a negative control. 

In the CUA, a polystyrene bead with conjugate bound adsorbed thereto was mixed with 250 ul 
phosphate, 0.5 mM, pH 5.3, in a glass vial suitable for use in a luminometer. While the sample was in the 
measuring position, 0.2 nl of 0.03% H2O2 in 0.25 N NaOH was then injected into the glass vial. The light 
emmitted was measured in the luminometer. Reading began 0.012 seconds before initiation of the chemical 

25 reaction and continued for 6 seconds. 

The results are presented in Table 7. 
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TABLE 8 

Concentration CLIA RIA 



(ng/mi) £d £y £d 



1.0 


2214 


3144 


371 


400 


0.5 


1256 


2494 


236 


408 


0.25 


701 


921 


221 


248 


0.125 


521 


592 


173 


179 


Calf Serum 


151 


179 






Cut-off 


327 


376 







Under the stated conditions, the sensitivity for the CLIA was less than 0.125 ng/ml for both the A^and Ay 
types of HBsAg. For the RIA the sensitivity was 1.0 ng/ml for both the Ad and Ay types. The cut-off count 
was 2.1 times that of the negative control. 

Table 8 clearly shows that chemiluminescent immunoassays according to the present invention are 
more sensitive than comparable radioimmunoassays. 



Example 17 

A comparison of CUA and EIA 
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A. Preparation of lab led anti-hTSH (30234-207) . 

Compound 75 (13514-081, Example 6) (2 mg, 4.3 umoles) in 200 ml of acetonitrile was treated with 1- 
ethyl-3-(3-dimethylaminopropyl)-cartx>diimide hydrochloride (Sigma. St. Louis, Missouri) (10 umoles) in 100 
5 ul of acetonitrile and N-hydroxysuccinimide (4-0 umoles) in 100 ul of acetonitrile for 12 hours at 25°C in 
the dark. * 

The active ester was mixed with anti-hTSH in PBS buffer containing 0.5% 3-[(3-cholamidopropyl) 
dimethylammonioJ-1-propane-sulfonate ("CHAPS") at pH 6.5 in a ratio of 50:1 (antibodyractive ester). After 
coupling for 3 hours at 25°C, the labeled antibody was dialysed against PBS buffer containing 0.5% 
to CHAPS at pH 6.5 until no free label was present in the dialysate by U.V. 

Based on the U.V. spectra, the conjugate had an average of 10 labels per antibody. 
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B. Assay for hTSH. 



CLIA and EIA were compared , using the Abbott hTSH-BA Kit (Abbott Laboratories, Abbott Park, Illinois) 
with the exception that for the CUA. the anti-hTSH acridininium conjugate was used in place of the kit anti- 
hTSH-HRPO conjugate. Thus, a standard curve was generated by incubating the kit standards with the kit 
beads at 37° C for 1 hour, then washing three times. For the CLIA. the conjugate prepared above was 
20 diluted 1:5000 with PBS buffer containing 50% calf serum. 1% normal mouse serum, 0.05% Tween® 20 
and 2 mM EDTA at pH 6.3. One hundred microliters of this solution was incubated with the beads for 1 
hourw at 37°C, then washed four times. 

The beads were transferred one by one to the reaction vial of a luminometer containing 400 ul of water 
and reacted with 200 ul of 0.03% H2O2 in 0.2 N NaOH. Photon counts were recorded for 6 seconds. 
25 The EIA was carried out according to the instructions in the kit insert on a Quantum II® spectro 
photometer (Abbott Laboratories, Abbott Park, Illinois) 

The results are shown in Table 9. 
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TABLE 9 




Concentration 


CLIA 


EIA 


(ulu/ml) 


(counts) 


-LW 


0 


533(SD35.4) 


0.012 


1 


5064 


0.062 


4 


14476 


0.176 


10 


32092 


0.397 


} 25 


66072 


0.828 


60 


110,984 


1.602 



Under these conditions the sensitivity of the CUA was 0.016 ulU/ml (0 standard + 2 SD) while the EIA had 
a sensitivity of 0.05 ulU/ml. 



Example 18 

Preparation of 5-methyl-^^tosyl-N-(2^rboxyethyl)hphenanthridiniumcarboxamide 

Phenanthridine-6-carboxylic acid (400 mg. 1.8 mmoles) [pr pared by the metod of Wittig et al., Justus 
Li big's Ann., 577 , 1 (1952)], was suspended in methylene chloride (20 ml, distilled from P2O5) and cooled 
to 0°C under nitrogen. Oxalyl chloride (320 ul, 3.8 mmoles) (Aldrich Chemical Co., Milwaukee, Wisconsin) 
was added, followed by DMF (5 ul). As the reaction, mixture was stirred for on hour at 0°C and for 30 
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minutes at 25°C, all the carboxylic acid dissolved. The solution was evaporated to dryness to give the acid 
chloride which was used without further purification. 

Methyl N-tosyl-j3-alanine was prepared from methyl-0-alanine (Aldrich ChemicaJ Company, Milwaukee. 
Wisconsin) and tosyl chloride (Aldrich Chemical Company, Milwaukee, Wisconsin) according to the 
5 procedure of Example 1. Potassium t-butoxide (600 mg, 5.4 mmoles, freshly sublimed) was added to a 
solution of 1.3g (5.4 mmoles) of methyl N-tosyl-0-alanine in 50 ml of THF. After stirring for 15 minutes and 
at room temperature and under N& the suspension was evaporated to dryness. The potassium salt of 
methyl N-tosyl-0-alanine. was resuspended in 20 ml of THF, mixed with the acid chloride (in 20 ml of THF), 
and stirred for 12 hours. 

70 The resulting suspension was poured into 100 ml of ethylacetate, washed with 50 ml of water and 
washed twice with 25 ml of brine. After drying over MgSO* and evaporating to dryness, the residue was 
chromatographed on a ChromatatronTM chromatograph (available from Harrison Research, PaJo Alto. 
California) using a 4 mm silica rotor and employing a 25/75 ethylacetate/hexane gradient. The product 
(Rf0.2) was collected, then recrystallized from benzene/hexane (i.e.. the product was dissolved in benzene, 

is and hexane was added until cloudy) to give 130 mg of methyl 6-[N-tosyl*N-(2-cart)oxyethyl)l-phenanth- 
ridinecarboxamide. Compound 84, 13514-225. 

Compound 84, 13514-225, was methylated according to the procedure in Example 3 to give methyl 5- 
memyl-6-[N-tosyl-N-(2^arboxyethyl)fphenanthridiniumcarboxamide. compound 85. 13514-227. Compound 
85 was hydrolyzed according to the procedure in Example 8 to provide 5-methyl-6-[N-tosyl-N-(2-carbox- 

20 yethyl)hDhenanthridiniumcarboxamide. compound 86. 13514-228. 

Compouns 84, 85 and 86 are described using the numerals, symbols and abbreviations as explained in 
Example 1. 
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84. 13514-225 Methyl 6-[N-tosyl- 

N- { 2-car boxyethyl ) ] - 
phenanthridinecarboxylate 
MS M + H @ 463 

85. 13514-227 Methyl 5-methyl- 

6-[N-tosyl-N- 
(2-carboxyethyl) ]- 
phenanthridiniumcarboxamide 
. MS M + @ 477 
Mp 136°C 



86. 13514-228 5-Methyl~6- (N-tosyl- 

N- ( 2-car boxyethyl ) ] - 
45 phenanthridiniumcarboxamide 

MS M + @ 463 



Although the present invention has been described in terms of preferred embodiments, it is understood 
that modifications and improvements will occur to those skilled in the art. 

For example, in light of the results presented herein, it is expected that additional compounds which are 
useful according to the present invention may be identified by the formula 
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wherein a. b, c. d. a 1 . b\ c 1 . d 1 independently may be hydrogen, aikyl, aryl, amino, substituted amino, 
carboxy-alkyl, sulfoalkyi, aikoxyl. aryloxy, sulfo, thio aikoxyl. thioaryloxy aminoaikyl. protected aminoalkyl. 
hydroxyalkyl. protected hydroxyalkyl, haioalkyl, or any adjacent of these positions may be linked so as to 
form aromatic rings fused to the acridine nucleus. 

In addition, Sheehan et al.. U.S. Patent No. 3.539.574 described chemituminescent acridinium com- 
pounds which are also expected to be useful according to the present invention. Other isomeric acridinecar- 
boxylic acids, quinoline carboxylic acids, isoquinoline carboxylic acid, other activated acrdine amides, and 
other activated acridine esters are expected to be useful according to the present invention. Such 
compounds include, without limitation: hydroxamates identified by the formula 
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enamides identified by the formula 
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TO 




wherein X and Y 1 are electron withdrawing groups; N-heterocycles identified by the formula 



20 



25 




30 wherein X and U 1 may independently be O. S, P. N, or C; activated esters such as thiolesters identified by 
the formula 




or such as thioesters identified by the formula 
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acridine acids id ntifi d by the formula 
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or by the formula 



15 




20 



quinoline acids identified by the formula 
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or by the formula 
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or isoquinoiine acids identified by the formula 
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or by the formula 
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It is understood that those skilled in the art will be enabled by the above specification to incorporate 
70 reactive functional groups for attaching the label to an anaJyte into compounds according to the present 
invention. 

It is also contemplated that compounds according to the present invention will be: used in labeling DNA 
probes; incorporated into an enzyme substrate wherein the product of the enzymatic reaction is the 
chemiluminescent compound; and incorporated into systems which involve energy transfer or fluorescent 
15 quenching. 

Compounds according to the present invention may also be: incorporated into a system which employs 
the compound as a labeling reagent in a post-cofumn HPLC detection system; used to measure HzO? 
concentration; and used as a source of intense pulsed light 

Therefore, it is intended that the present invention include all such variations and improvements as 
20 come within the scope of the invention as claimed. 

Claims 

*5 1 .a chemiluminescent compound identified by the formula 
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40 and isomers thereof wherein R. R', R", X 1 , X 2 . and X 3 are substituents which do not interfere with effective 
chemiluminescence with the proviso that R-X 3 . R'-X 2 and R'-X 1 may independently be hydrogen. 

2. The chemiluminescent compound as recited in claim 1: 
wherein R, R', and R* are spacer arms; 

wherein X\ X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy. 
45 carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl haJide, N-succinimidylcarboxy and N-maleimide groups; and 
wherein Y is an appropriate counter ion. 

3. The chemiluminescent compound as recited in claim 2 wherein Y is a counter ion selected from the 
group consisting of sulfate, alkylsulfate, haJosuifate, haloborate, haloacetate, halophosphate, phosphate and 

so halide. 

4. The chemiluminescent compound as recited in claim 1 wherein R, R*. and R* independently comprise 
a member selected from the group consisting of alkyl, alkylene, aryl, substituted alkyl. substituted alkylene 
and substituted aryl groups such that: 

one or more hydrogens of said member is replaced by an alkyl, aryl, alkylene, substituted alkyl, substituted 
55 alkylene, substituted, aryl, alkoxy, aryloxy, halo, amino protected amino, substituted amino hydroxy, 
protected hydroxy, oxo, thio, imino, mercapt or substituted mercapto group; 
or such that one or more carbon atoms of the member is replaced by a h teroatom. 
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5. The chemiluminescent compound as recited in ciaim 4 wherein said heteroatom is selected from the 
group consisting of nitrogen, phosphorus, sulfur and oxygen. 

6. The chemiluminescent compound as recited in claim 2 wh rein R, R'. and R* independently are 
spacer arms of the formula 

-(CH2)„- 

where n = 0 - 50. 

7. The chemiluminescent compound as recited in claim 1 wherein R* is -CHr, X 1 is -H, and R'-X 2 is 
identified by the formula 

8. The chemiluminescent compound as recited in claim 7 wherein said compound is identified by the 
formula 10-methyl-N-t2-carboxyethyl}-N-tosyl-&-acridinium carboxamide. 

9. The chemiluminescent compound as recited in claim 7 wherein said compound is identified by the 
formula lO-methyl-N-(4-carboxybutyl)-N-tosyl-9-acridinium carboxamide. 

10. The chemiluminescent compound as recited in claim 7 wherein said compound is identified by the 
formula 10-methyl-N-(5-carboxypentyl)-N-tosyl-9-acridinium carboxamide. 

11. The chemiluminescent compound as recited in claim 1 wherein formula R* is -(Ch^y, X 1 is -SOr. 
and R'-X 2 is identified by the formuJa 

12. The chemiluminescent compound as recited in claim 11 wherein said compound is identified by the 
formula 10-{3-sulfopropyl)-N^2-<^rboxyethyl)-N-tosyi-9-acridinium carboxamide. 

13. The chemiluminescent compound as recited in claim 11 wherein said compound is identified by the 
formula 10-<3-sutfopropyl)-N-(3-suIfopropyl)-N-tosyl-9-acridinium carboxamide. 

1 4. The chemiluminescent compound as recited in claim 7 wherein R'-X 2 is identified by the formula, 

and wherein R-X 3 is identified by the formula 

o o 

15. The chemiluminescent compound as recited in claim 7 wherein said compound is selected from 10- 
methy hN-phenyi-N-tosy l-9-acridinium carboxamide trifluoromethanesulfonate, 1 O-methyl-N-pheny l-N-<p- 
bromobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-pheny l-N-(p- 
nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-phenyl-N-(o- 
nitrobenzenesulfony l)-9-acridinium carboxamide trifluoromethanesulfonate, or 1 0-methyl-N-phenyl-N- 
trifluoromethanesulfonyl-O-acridinium carboxamide trifluoromethanesulfonate. 
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16. The chemiluminescent compound as recited in claim 7 wherein said compound is identified by the 
formula 10-methyl-N-isopropyl-N-tosyl-9-acridinium carboxamide trifluorom thanesulfonate,10-methyt-N- 
isopropyl-N-(p-bromobenzenesulfonyl)-&-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N- 
isopropyl-N-{o-nitrobenzenesulfonyl)-9-acridinium carboxamide trifluorom than sulfonate, or 1 0-methyl-N- 

5 isopropyl-N-tifluoromethanesutfonyl-9-acridinium carboxamid trifluoromethanesulfonate. 

17. The chemiluminescent compound as recited in claim 7 wherein said compound is identified by the 
formula lO-methyl-N-butyl-N-{2,4.6 trimethylbenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesul- 
fonate, iO-methyl-N-butyl-N-(2,4,6-tri-isopropyl-benzenesulfonyl)-9-acridinium carboxamide 
trifluoromethanesulfonate, 10-methyl-N-phenyl-N-tosyl-9-acridinium carboxamide trifluoromethanesulfonate, 

w 1 0-methyl-N-butyl-N-(p-bromobenzenesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate, 1 0- 
methyl-N-butyl-N-{o-nitrophenylsulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N- 
butyl-N-(p~nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-butyl-N- 
(2,4-dinitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 10-methyl-N-allyi-N- 
tosyl-9-acridinium carboxamide trifluoromethanesulfonate. 

is 18. The chemiluminescent compound as recited in claim 1 wherein said compound is identified by the 
formula methyl 6-[N-tosyl-N-(2-carboxyethyl)hphenanthridinecarboxamide, methyl 5-methyl-6-[N-tosyl-N-(2- 
carboxyethyl)]-phenanthridiniumcarboxamide, or 5-methyI-6-[N-tosyl-N-(2-carboxyethyl)]-phenanth- 
ridiniumcarboxamide. 

19. A method for preparation of a chemiluminescent compound comprising the steps of: 
20 contacting an amine identified by the formula 
R-X3NH2 

with a suffonylhaiide identified by the formula 
W-SorR'-X* 

in an inert solvent in the presence of base to form a sulfonamide anion and metal ion identified by the 
25 formulas 
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X^-R-N -S0 2 -R'-X 2 ; and 

a) acylating with an activated O-acridinecarboxylic acid identified by the formula 




wherein R, R' and R* are independently selected from the group consisting of: alkyl. aryl, aJkylene, 
<*s substituted alkyl, substituted aJkylene and substituted aryl, alkoxy, aryloxy, halo, amino, protected, amino, 

substituted amino hydroxy, protected hydroxy, oxo, thio, imino, mercapto groups; and alkyl, aryl, alkylene 

substituted alkyl, substituted alkylene and substituted aryl groups comprising a heteroatom selected from 

the group consisting of nitrogen, phosphorus, sulfur and oxygen with the proviso that R-X 3 , ROC 2 , and R'-X 1 

may independently be hydrogen; 
so wherein X\ X 2 , and X 3 are independently members of the group consisting of hydrogen, carboxy, 

carboalkoxyl, carboxamide carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 

halide, carbonyl halide, N-carboxysuccinimide and N-maJeimide groups; 

wherein Y is an appropriate counter ion; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
55 wherein M is selected from the group consisting of Li, Na and K; and 

wher in Z is selected from the group consisting of halo, imidazolo, N-hydroxysuccinimidyl and azido 
groups; or 

b) acylating with an activated phenanthridine-6-carboxylic acid identified by the formula 
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wherein R, R' and R* are independently selected from the group consisting of: alkyl, aryl, alkylene, 
substituted alkyl, substituted alkylene and substituted aryl. alkoxy, aryloxy, halo, amino, protected amino, 
substituted amino hydroxy, protected hydroxy, oxo. thio. imino, mercapto groups; and alkyl. aryl, alkylene 
substituted alkyl. substituted alkylene and substituted aryl groups comprising a heteroatom selected from 
the group consisting of nitrogen, phosphorus, sulfur and oxygen with the proviso that R-X 3 , R'-X and R*X 1 
may independently be hydrogen; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy. 
carboalkoxyl, carboxamido. carboaryloxy, cyano. carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
haiide, carbonyl halide, N-carboxysuccinimide and N-maleimide groups; 
wherein Y is an appropriate counter ion; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
wherein M is selected from the group consisting of Li, Na and K, and 

wherein Z is selected from the group consisting of halo, imidazole N-hydroxysuccinimidyl and azido 
groups. 

20. A conjugate formed by an antibody or antigen conjugated to a chemiluminescent compound as 
recited in claim 1 . 

21. A method for performing a chemiluminescent immunoassay to test for the presence of an antigen or 
antibody to an antigen as recited in claim 20 comprising the step of exposing a sample to a conjugate as 
recited in claim 20. 
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Description 

Background 

5 The present invention relates in general to chemiluminescent methods and materials and in particular to 
methods and materials involving chemiluminescent acridinium and phenanthridinium salts. 

Chemiluminescence may be defined as the generation of light from a chemical reaction. The mecha- 
nism of most chemiluminescent reactions is not known in detail, but a generalized mechanism [Schuster et 
al., Advances in Physical Organic Chemistry , 187-238 (1984)] may beoutlined: 

w 

A -* B* B + h? 

Compound A undergoes a chemical reaction (usually oxidation) to yield a product in an electronically 
excited State ("B*"). As it returns to the ground state ("B"), this product gives up energy in the form of light 
75 ("hO. 

Although competing dark reactions may decrease the efficiency of the overall reaction to less than 1%, 
some bioluminescent systems may achieve 60-70% efficiency, and, in many cases, limits of detection in 
the femtomole (10~ 15 mole) to attomole (10~ 18 mole) range have been recorded. 

Chemiluminescence has been used for a variety of purposes in analytical chemistry where other 

20 methods fail to have adequate sensitivity. In immunodiagnostics, chemiluminescent immunoassays ("CLIA") 
may thus match or exceed the sensitivity of radioimmunoassays ("RIA") or enzyme immunoassays ("EIA") 
[Kircka et al., Diagnostic Medicine , 1^ 45-52 (1984)]. 

Luminol and isoluminol derivatives are the most widely used chemiluminescent reagents for immunoas- 
says. The light-yielding reaction is initiated by oxidation with alkaline hydrogen peroxide in the presence of 

25 catalysts such as microperoxidase or transition metal ions. Light emission occurs at about 465 nm, which 
corresponds to the fluorescence emission of the product, aminophthalic acid. Aminobutylethyl isoluminol 
("ABEI") may be used as a label in immunoassays and is commercially available. 

A second group of chemiluminescent reagents, aryl oxalates [Gill, Aldrichimica Acta , 16, 59-61 (1983) 
and Catherall et al., J. Chem. Soc. Faraday Trans. 2 , 80, 823-834 (1984)], have been used as commerical 

30 cold light sources [see e.g., Tseng et al., U.S. Patent No. 4,338,213] and in high performance liquid 
chromatography ("HPLC") detectors [Kobayashi et al., Anal. Chem, , 52, 424-427 (1980) and Miyaguchi et 
al., J. Chromatogr. , 303 , 173-176 (1984)]. It is thought that these derivatives react with hydrogen peroxide in 
buffered or unbuffered solvents to give a dioxetan-dione which decomposes quickly to give CO2 in an 
excited state. Energy is then transferred by electron transfer to a fluorescer molecule which emits light. 

35 A third group of reagents, 10-methyl-acridinium-9-carboxylic acid aryl esters, are chemiluminescent in 
the presence of alkaline hydrogen peroxide and in the absence of a catalyst. The mechanism is thought to 
involve initial attack by a hydroperoxide anion, followed by intramolecular displacement of the phenolate 
(the "leaving group") to give a strained dioxetan-one. The strained dioxetan-one decomposes to CO2 and 
excited N-methyl-acridone, which emits light at 430 nm. Carboxy-substituted acridinium salts have been 

40 used as labels in immunoassays [Weeks et al., Clin. Chem. , 29, 1474-79 (1983); Campell et al., European 
Patent Application No. 82,636; and McCapra et al., UK Patent No. GB 1,461,877]. Also, 5-methyl- 
phenanthridinium-6-carboxylic acid aryl esters, which are isomeric with the acridinium aryl esters, have 
been used as labels in immunoassays [Lin et al, European Patent Application No. 170,415]. 

Despite their usefulness in immunoassays, antibody-conjugated phenyl 10-methyl-9-acridiniumcarbox- 

45 alates, in our hands, are unstable due to hydrolysis above pH 4.0 (-20 *C to 40*C) f losing greater than 10% 
of their activity within three days. Although acridinium esters are stable below pH 4.0, conjugate antibodies 
are often not stable in this pH range. 

In Tseng et al., supra , bis-N-alkyl-N-trifluoromethyl sulfonyl oxalamides are indicated to be more stable 
than the corresponding aryl esters and are also indicated to be as efficient. The nucleofugacity of the 

50 phenol and the trifluoromethyl sulfonamide are indicated to be comparable, i.e. it is indicated that each has 
a pK a of about 7. Gill, supra , "look forward" to the development of a particular sulfonyl oxalamide as an 
example of an oxalate with "higher" quantum efficiency. 

Brief Description of the Drawings 

55 

The Figure illustrates the synthesis of a 10-alkyl-N-sulfonyl-9-acridinium carboxamide according to the 
present invention. 
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Summary of the Invention 

The present invention provides chemiluminescent compounds identified by the formula 



10 



15 




20 and 



25 



30 




wherein R, R\ and R" may independently include a member selected from the group consisting of alkylene, 
arylene, substituted alkylene, and substituted arylene groups, such that: one or more hydrogens of said 
member is replaced by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, aryloxy, halo, amino, 

40 protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, mercapto or substituted 
mercapto group; or such that one or more carbon atoms of the member is replaced by a heteroatom; 
wherein X\ X 2 , and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidyloxycarboxy and N-maleimide groups; or 

45 wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected from 
phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other one is 
selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counterion; with the proviso that R-X 3 , R'-X 2 and R^-X 1 may be independently 
hydrogen, and 

so with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , X 2 or 
X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, isothiocyanate, N-mal- 
eimide and N-succinimidylcarboxy, and the other one of R'-X 2 and R-X 3 is selected from hydrogen, alkyl, 
aryl or benzyl, or such aryl or benzyl substituted by alkoxy, aryloxy, amino, or hydroxy, 
then X 1 is different from H and R n -X 1 is different from H; 

55 and also selected from 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate. 

The counterion Y~ may be selected from the group consisting of sulfate, alkylsulfate, halosulfate, 
haloborate, haloacetate, halophosphate, phosphate and halide. 
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The heteroatom may be selected from the group consisting of nitrogen, phosphorus, sulfur and oxygen. 
R, R\ and R" independently may also be spacer arms of the formula 

-<CH2)n- 

5 

where n =0-50. Specifically, R" may be -CH 2 - and X 1 may be -H. 

Illustrative of compounds according to the present invention are those wherein R" is -CH 2 -, X 1 is -H, 
and R'-X 2 is identified by the formula 

75 

An example of such compounds is 10-methyl-N-(4-carboxybutyl)-N-tosyl-9-acridinium carboxamide. 
Another example of such compounds is 10-methyl-N-(5-carboxypentyl)-N-tosyl-9-acridinium carbox- 
amide. 

Further illustrative of compounds according to the present invention are those wherein R" is -(CH2) 3 -, 
20 X 1 is -SO3-, and R'-X 2 is identified by the formula 



Still further illustrative of compounds according to the present invention are those wherein R'-X 2 is 
identified by the formula, 

30 




and wherein R-X 3 is identified by the formula 




The currently most preferred compounds according to the present invention for use in chemilumines- 
cent immunoassays are 10-methyl-N-[2-carboxyethyl]-N-tosyl-9-acridinium carboxamide, 10-(3-sulfopropyl)- 
50 N-(2-carboxyethyl)-N-tosyI-9-acridinium carboxamide and 10-(3-sulfopropyl)-N-(3-sulfopropyl)-N-tosyl-9- 
acridinium carboxamide. 

A method, according to the present invention, for preparation of a chemiiuminescent compound 
includes the steps of contacting an amine identified by the formula 

55 X 3 -R-NH 2 

with a sulfonylhalide identified by the formula 
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W-S02-FT-X 2 

in an inert solvent in the presence of base to form a sulfonamide identified by the formula 
5 tfRNHSC^FVX 2 ; and 

contacting the sulfonamide in an inert solvent in the presence of a base to form a sulfonamide anion 
identified by the formula 



10 



X 3 -R-N-SCU-R'-X 



75 



and 



a) acylating with an activated 9-acridinecarboxylate compound identified by the formula 



20 



25 




30 



to produce said chemiluminescent compound identified by the formula 



40 



35 




O^N-SO^-r'-X' 
R-X 3 



Y' 



45 



or 

b) acylating with an activated phenanthridine-6-carboxylate compound identified by the formula 
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to produce said chemiluminescent compound identified by the formula 



5 



10 




wherein W is selected from the group consisting of chloro and fluoro groups, wherein M is selected from 
the group consisting of Li, Na and K, wherein the activating group Z is selected from the group 
consisting of halo, imidazolo, N-hydroxysuccinimidyl and azido groups and wherein all other symbols are 
20 as defined above. 

Furthermore, a method according to the present invention can comprise steps wherein said acylation is 
carried out with 



in part a) and 



40 



45 




in part b) and R"-X 1 is subsequently attached through alkylation with Y-FT-X 1 wherein Y on reaction 
becomes said counter ion. 

so A conjugate according to the present invention may be formed by covalently coupling an antibody, a 
hapten, an antigen or a polynucleotide (e.g., DNA or RNA) to a chemiluminescent compound according to 
the present invention, and a method for performing a chemiluminescent assay comprises the step of 
exposing a sample to be tested to the conjugate in order to detect the pr sence of a substance specifically 
reactive with the conjugate, e.g., a specific antigen, a specific antibody or a complementary polynucleotide 

55 (i.e., a polynucleotide which forms sequence-specific hydrogen bonds with the polynucleotide conjugate 
according to the present invention). 

Representative of conjugates according to the present invention are antibodies or antigens coupled to a 
chemiluminescent compound of the present invention. 



0^2 
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Repr sentative of immunoassays according to the invention are those testing for the presence of 
antigens comprising the step of exposing a sample to the corresponding antibody-chemiluminescent 
compound conjugate and thos testing for the presence of antibodies comprising the step of exposing a 
sample to the corresponding antigen-chemiluminescent compound conjugate. 

Detailed Description 



The problem of acridinium aryl ester instability is approached in the present invention by changing the 
leaving group from a phenolate to a sulfonamide anion. While botIT leaving groups have a pK a of about 10, 

w the acridinium sulfonylamide has the additional stabilization associated with amide bonds. This is reflected 
in a comparison in the infrared of the carbonyl stretching frequency of the aryl ester (1730 cm" 1 ) with that 
of the sulfonylamide (1680 cm -1 ). 

A class of acridinium salts, 10-alkyl N-alkyl (aryl) sulfonyi-N-alkyl(aryl) 9-acridinium carboxamide salts, 
was prepared according to the general scheme illustrated in the Figure. In the Figure, R, R* and R" are 

75 substitutents which may function as spacer arms, solubility modifiers and/or reactivity modifiers but which 
do not interfere with the chemiluminescent reaction. ("Interfere" is defined herein to mean "prevent the 
production of effective chemiluminescence", i.e., prevent production of chemiluminescence to the extent 
that the compound is not useful for the intended application.) Also in the Figure, X 1 , X 2 , X 3 are substituents 
which may function as solubility enhancers and/or as reactive groups for linkage to an analyte or as groups 

20 which may be readily converted to such reactive or linker groups by means well known to those skilled in 
the art. Y" is a counterion in the Figure. 

Salts produced according to the scheme of the Figure have generated light upon oxidation with alkaline 
hydrogen peroxide. The compounds were made from readily available amines (X 3 -RNH 2 ) and sulfonyl 
chlorides (X^R'SOaCI). When acylated with 9-chlorocarbonyl acridine, the intermediate sulfonamide (X 3 - 

25 RNH-SOaR'-X^) gave a new class of acridine compounds, which on alkylation gave the acridinium salts. 
Similarly, substitution of a 6-chlorocarbonyl phenanthridine for the acridine in this scheme gives rise to a 
new class of phenanthridinium salts. These acridinium and phenanthridtnium salts are useful for 
chemiluminescent labeling of proteins, nucleic acids and small molecules used in diagnostic testing. 

Several acridinium sulfonylamides were prepared which have specific activity and stability suitable for 

30 use in diagnostic testing, particularly in CLIA. The synthesis of these compounds allows for the introduction 
of a variety of functional groups (X 1 , X 2 , X 3 ) which may be used in antibody labeling. In addition, the kinetics 
of the chemiluminescent reaction may be controlled by the choice of the substitutents (R, R') on the 
sulfonamide leaving group. 

The compounds were evaluated for their efficiency by diluting 20 ul of a 10~ 9 M solution of the 

35 compound with 300 ul of 0.1 N HCL, then adding 150 ul of 0.03% H2O2 in 0.2 N NaOH to trigger the 
chemiluminescence. Chemiluminescence was measured on a photon-counting luminometer. The light 
output was recorded as total photon counts, from which the efficiency of each compound was calculated as 
counts/mole. These are relative numbers, since the efficiency of the photon counting was instrument- 
dependent. Direct comparisons of compounds were carried out on the same instrument. The results are 

40 presented in Table I which the structures may be identified by the formula 



50 




N-so z - R '~ x * 
ft-X 3 ' 



wherein R"-X 1 is CH3, and R'-X 2 and R-X 3 are as indicated in Table 1, chemiluminscent output is 
abbreviated "CTS/MOLE," the time required for total light output is abbreviated "INT. TIME" and the time 
required to reach peak light output is abbr viated "PEAK CTS." 
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so All of the tested compounds were efficient (5-20 x 10 18 counts/mole). The specific activity was 
insensitive to the nature of the R and R' groups at locations indicated above; however, the time required to 
reach peak light output and the time required for total light output differed by a factor of 50 between the 
fastest and slowest compounds. Electron withdrawing groups in R and R' increas d the reaction rate while 
bulkyl, electf on-donating groups decreased the reaction rate. Although ch miluminscent compounds accord- 

55 ing to the present invention which have a chemiluminescent lifetime of 2-10 seconds are preferred for 
immunoassays, compounds having shorter lifetime may be useful as a source of intense, pulsed light, and 
compounds having a longer lifetime may be us ful as "cold light" sources. 
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The stability of compounds prepared according to the present invention was assessed in several ways. 
First, the compounds were diluted to sub-nanomolar solutions in aqueous buffer at pH 5-7. The solutions 
were incubated at room temperature and at 45 'C, while the decrease in chemiluminescence was monitored 
over time. This provided qualitative results whereby the relative stability of the compounds was determined. 

5 Anomalous results due to non-specific adsorption of the compounds on the incubation container were 
minimized by the addition of detergents, protein, and the like. Unambiguous, quantitative results were 
obtained by monitoring miliimolar solutions of the compounds by reverse phase high performance liquid 
chromatography ("HPLC"). The stability of these compounds was affected by R and R' in the same way as 
were the kinetics of the chemiluminescence reaction, i.e. electron withdrawing groups destabilized and 

w bulky electron donating groups stabilized the compounds. 

Although other techniques may be employed to label antibodies, the NHS activation method is 
presently preferred. Other materials which function well according to the present invention include poly- 
clonal antibodies, monoclonal antibodies, Fab antibody fragments, all of which are hereinafter included in 
the general term "antibody," haptens, antigens, nucleic acid probes, and non-antibody binding proteins 

15 capable of binding complementary small molecular weight analytes (for example, folate binding protein, 
which binds folic acid, and intrinsic factor, which binds Vitamin B12). Antibody conjugates retain more than 
80% chemiluminescence after being heated at 45 * C for four weeks. 

A solid phase sandwich immunoassay system for assaying hepatitis B surface antigen ("HBsAg") 
(Abbott Laboratories, Abbott Park, Illinois) was employed to compare CLIA according to the present 

20 invention with RIA. The type of antibody-coated bead, diluent, incubation conditions, washing condition and 
antibody preparation were the same except that the antibody was labeled with 125 1 by the chloramine T 
method for RIA and labeled with NHS-activated N-sulfonyl-9-acridinium carboxamide for CLIA. 

A solid phase sandwich immunoassay for human thyroid stimulating hormone (hTSH) was used to 
compare CLIA with El (Abbott Laboratories, Abbott Park, Illinois), The EIA employed a horseradish 

25 peroxidase ("HRPO'^-labelled antibody while the CLIA used an NHS-activated N-sulfonyl-9-acridinium 
carboxamide. 

The present invention is more specifically described in the following examples. In Example 1, the 
preparation of sulfonamides which are useful in constructing compounds according to the present invention 
is set forth. Example 2 includes a description of the preparation of N-sulfonyl-9-acridinecarboxamides 
30 according to the present invention. In Example 3, the preparation of 10-methyl N-sulfonyl-acridinium 
carboxamides is described. Examples 4-6 contain descriptions of syntheses of p-toluenesulfonyl (tosyl) 
compounds according to the present invention. In Example 7, the preparation of acridinecarboxamides is 
illustrated. 

Example 8-10 contain methods for synthesis of some acridinium carboxamides and products thereof 
35 according to the present invention. In Example 11, an evaluation of the chemiluminescence of N- 
sulfonylacridinium carboxamide compounds according to the present invention is provided. Example 12 
includes a report of a stability test of an acridinium carboxamide according to the present invention. In 
Example 13, the temperature and pH stability of two acridinium carboxamides according to the present 
invention is compared to the temperature and pH stability of an acridiniumcarboxylate. Example 14 is a 
40 description of a method for conjugating an antibody, specifically an immunoglobin G ("IgG") antibody, with 
a compound according to the present invention. The results of a heat stability study of a conjugate 
according to Example 14 are presented in Example 15. Example 16 includes a description of the 
preparation of anti-HBsAg acridinium-labeled conjugate as well as a comparison of the sensitivity observed 
in CLIA and RIA assays employing those conjugates. In Example 18, the synthesis of a phenanthridinium 
45 compound according to the present invention is described. Example 17 describes an anti-hTSH acridinium- 
labeled conjugate along with a comparison to an EIA system. 

Example 1 

50 General Method for Preparation Of Sulfonamides 

Amine starting materials for compounds 1-13 and 17-21 are available from Aldrich Chemical Co., 
Milwaukee, Wisconsin. For compounds 14-16 and 22-25, the appropriate aminocarboxylic acid (as obtained 
from Aldrich Chemical Co., Milwaukee, Wisconsin) was esterified according to standard, published proce- 
ss dures to provide the starting materials. 

In order to prepare a sulfonamide according to the present invention, the corresponding amine (200 
mole perc nt) was dissolved in anhydrous methylene chloride, and was treated dropwise at 0'C with a 
solution (100 mole percent) of the sulfonyl chloride or anhydride. The solution was poured into anhydrous 

9 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



ether (5 volumes), washed with 1.4 M H 3 PO* (25 ml) and then brin (25 ml), and dried over MgSCU. After 
filtering and evaporating, crude sulfonamides were crystallized from an appropriate solvent. 

The following sulfonamides were prepared in this manner. In the description accompanying the name of 
each compound, the abbreviation "MS" identifies peaks, such as the base peak ("M + ") in the mass 
spectrum at a location (i.e., at an m/e) specified by the symbol "@". A melting point ("M p ") or an indication 
that the material is a liquid at room temperature (e.g. "oil") or decomposes before melting ("decomp.") may 
be provided. Each compound is identified by a "compound number" (1-25 in this Example) followed by an 
"identifying number" (e.g. 13513-227) and a chemical name. 



1. 13513-227 



2. 13513-228 



3. 13513-229 



4. 13513-231 



5. 13513-232 



6. 13513-233 



7. 13514-001 



8. 13514-002 



9. 13514-003 



10. 13514-004 



11. 13514-006 



12. 13514-025 



13. 13514-026 



14. 13514-032 



15. 13514-057 



16. 13514-058 



17. 13513-170 



N-Phenyl-p-toluenesulfonamide 
MS M + @ 247 
M p 100-1 02 *C 

N-Phenyl-p-bromobenzenesulfonamide 
MS M + @ 311 
M p 115-117-C 

N-Phenyl-o-nitrobenzenesulfonamide 
MS M + @ 278 
M p 112-113'C 

N-Phenyl-p-nitrobenzenesulfonamide 
MS M + @ 278 
M p 1 68-1 70 -C 

N-Phenyl-2,4-dinitrobenzenesulfonamide. 

MS M + @ 323 

M P 110-113'C 

N-Phenyl-trifluoromethanesulfonamide 
MS M + @ 225 
M p 65-67 "C 

N-lsopropyl-p-toluenesulfonamide 
MS M + @ 213 
M p 50-51 0 C 

N-lsopropyl-p-bromobenzenesulfonamide 
MS M + @ 277 
M p 95-96 'C 

N-lsopropyl-o-nitrobenzenesulfonamide 
MS M + @ 244 
M p 1 19-120 'C 

N-lsopropyltrifluoromethanesulfonamide 

MS (M-1)@190 

oil 

N-lsopropyl-p-nitrobenzenesulfonamide 
MS M + @ 244 
M p 113-1 14' C 

N-Butyl-2,4,6-trimethylbenzenesulfonamide 
MS M + @ 255 
M p 45*C 

N-Butyl-2,4,6,-trisopropylbenzenesulfonamide 
MS M + @ 339 
M p 104-C 

Benzyl 6-(N-tosylamino)hexanoate 

MS M + @ 375 

oil 

t-Butyl N-tosyl-0-alanine 
MS M + @ 242 (M - 57) 
oil 

Benzyl 5-(N-tosylamino)-pentanoate 

MS M + @ 361 

oil 

N-Butyl-p-toluenesulfonamide, 
MS M + @ 227 
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20 



15 



10 



5 



M p 42-44 • C 

1 8. 1 351 3-1 73 N-Butyl-p-bromobenzenesulfonamide, 

MS M + @ 241 
M p 53-54 -C 

19. 13513-172 N-Butyl-o-nitrobenzenesulfonamide, 

MS M + @ 258 
M p 58-60 *C 

20. 13513-174 N-Butyl-p-nitrobenzenesuifonamide 

MSM + @258 
M p 80-81 *C 

21 . 1 351 3-21 3 N-Buty l-2,4-dinitrobenzene sulfonamide. 

MS M + @ 304 
M p 60-62 *C 

22. 13513-085 Benzyl 6-(N-trifluoromethyl-sulfonylamino)-hexanoate 

oil 

23. 13513-083 Benzyl N-(trifluoromethylsu If onyl)-4-(carboxy methyl) aniline 

24. 14973-1 A Benzyl N-(5-carboxypentyl)-p-bromobenzenesulfonamide 

MS M + @ 439 
M p 52-56 *C 

25. 14973-37A Benzyl N-(5-carboxypentyl)-p-nitrobenzenesulfonamide 

MS M + @ 406 
M p 86-88* C 



Example 2 

25 

Preparation of N-sulfonyl-9-acridinecarboxamides 

Freshly sublimed potassium tert-butoxide (200 mole percent) and tri-n-butylbenzylammonium bromide 
(1 mole percent) were suspended in toluene under nitrogen. A selected sulfonamide (200 mole percent) was 

30 added, the mixture was stirred for 10-30 minutes before evaporating to dryness and the dried material 
resuspended in the solvent. [Alternatively, the phase transfer catalyst may be omitted and an appropriate 
anion may be generated in tetrahydrofuran.] After the addition of 9-chlorocarbonylacridine hydrochloride 
(100 mole percent), the reaction mixture was stirred for 3 to 14 hours at room temperature until no further 
change was noted by thin-layer chromatography ("TLC"). The reaction solution was diluted with ethyl ether 

35 (10 volumes) and washed with brine (25 ml). After drying over MgSO*. filtering and evaporating, the crude 
product was chromatographed (on a Chromatotron ™ chromatograph [available from Harrison Research, 
Palo Alto, California] using a 2 mm silica rotor and employing an ethylacetate/hexane gradient). The 
fractions containing the product were collected, evaporated and crystallized from ether/heptane (i.e., the 
fractions were dissolved in ether followed by the addition of heptane until the mixture became cloudy). 

40 The following compounds were prepared from starting materials as indicated in brackets wherein 
starting materials prepared herein are identified by the number associated with them in Example 1 or in this 
example, and wherein a commercial source is provided in brackets for each identified starting material not 
synthesized herein. All other notations are explained in Example 1 . 

26. 1 351 3-234 N-Phenyl-N-p-toiuenesulfonyl-9-acridinecarboxamide 

45 [compound 1 ] 



MS M + @ 452 
M p 200 °C 



27. 13513-236 



N-Phenyl-N-p-bromobenzene-sulfonyl 9-acridinecarboxamide 



so 



[compound 2] 
MS M + @516 
M p 218-219° C 



28. 13513-240 



N-Phenyl-N-o-nitrobenzene-sulfonyl 9-acridinecarboxamide 



55 



[compound 3] 
MS M + @ 483 
M p 1 97-200 C C 



29. 13513-242 



N-Phenyl-N-p-nitrobenzenesulfonyl-9-acridinecarboxamide 



[compound 4] 
MS M + @ 483 
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30. 13513-243 



31. 13514-007 



32. 13514-009 



33. 13514-012 



34. 13514-001 



35. 13514-028 



36. 13514-031 



37. 13514-042 



38. 13514-062 



39. 13514-069 



40. 13513-186 



41. 13513-191 



42. 13513-195 



43. 13513-218 



44. 14973-9C 



45. 14973-40C 



N-Phenyl-N-trifluoromethanesulfonyl-9-acridinecarboxamide 
[compound 6] 
MS M + @ 430 
M p 162'C 

N-lsopropyl-N-p-toiuenesulfonyl-9-acridinecarboxamide 
[compound 7] 
MS M + @418 
M p 163-164 *C 

N-lsopropropyl-N-p-bromobenzenesulfonyl-9-acridinecarboxamide 
[compound 8] 
MS M + @ 482 
M p 205 *C 

N-lsopropyl-N-o-nitrobenzenesulfonyl-9-acridinecarboxamide 
[compound 9] 
MS M + @ 449 
M p 215°C 

N-lsopropyl-N-trifluoromethane sulfonyl-9-acridinecarboxamide 
[compound 10] 
MS M + @ 396 

N-Butyl-N^^.e.-trimethylbenzenesulfonyl^acridinecarboxamide 
[compound 12] 
MS M + @ 460 
M p 88-90 *C 

N-Butyl-2.4,6-tnisopropylbenzenesulfonyl-9-acridinecarboxamide 
[compound 13] 
MS M + @ 544 

N-tosyl-N-(5-carboxypentyl)-9-acridinecarboxamide, benzyl ester 
[compound 14] 
MS M + @ 550 
oil 

N-tosyl-N-(4-carboxybutyl)-9-acridinecarboxamide, benzyl ester 
[compound 16] 
MS M + @566 

N-tosyl-N-(2-carboxyethyl)-9-acridinecarboxamide, t-butyl ester 
[compound 15] 
MS M + 504 
M p 157-1 58 'C 

N-Butyi-N-p-toluenesulfonyl-9-acridinecarboxamide 
[compound 17] 
MS M + @ 432 
M p 122-1 23 °C 

N-Butyl-N-o-nitrophenylsulfonyl -9-acridinecarboxamide 
[compound 19] 
MS M + @ 463 
M p 170*C 

N-Butyl-N-p-nitrophenylsulfonyl-9-acridinecarboxamide 
[compound 20] 
MS M + 463 
M p 210*C 

N-Butyl-N-(2,4-dinitrophenylsulfonyl) -9-acridinecarboxamide 
[compound 21 ] 
MS M + @ 508 
M P 95*C 

N-(5-carboxypentyl)-N-p-bromobenzenesulfonyl-9-acridinecarboxamide, benzyl ester 
[compound 24] 
MS (M + H) @ 645 

N-(5-carboxypentyl)-N-p-nitrobenzenesulfonyl-9-acridinecarboxamide, benzyl ester 
[compound 25] 
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MS (M + H) @ 645 

46. 14973-88A N-p-ToluenesuIfonyl-9-acridinecarboxamide [p-toluene sulfonamide (Aldrich)] 
Mp 276 -C 

47. 1 4973-21 C N-Allyl-N-p-toIuenesulfonyl-9-acridinecarboxamide 

[compound 46] 
M p 136-1 38 'C 

48. 1 351 3-202 N-Buty l-N-p-bromobenzenesulfonyl-9-acridinecarboxamide 

MS M + @ 496/498 
M p 148-149 °C 



Example 3 

Preparation of 10-Methyl N-sulfonylacridinium carboxamides 

is Methylation of N-sulfonylacridine carboxamides was performed according to the following procedure. 
Each acridine sulfonylamide was dissolved in anydrous methylene chloride. Anhydrous Na2COa (5 X weight 
of the sulfonimide) was added followed by methyl triflate (20 X weight of the sulfonimide). The suspension 
was stirred under nitrogen for 1 4-48 hours at room temperature to 40 * C. The reaction was monitored by 
TLC (reverse phase). The product was obtained after filtration and evaporation of the solvent and of excess 

20 methyl triflate. Purification was achieved by triturating the solid residue with hot benzene or by reverse 
phase HPLC. 

The following compounds were prepared, and they are described according to the numerals, symbols 
and abbreviations which are explained in Example 1 or in Example 2. 

49. 1 351 3-246 1 0-Methy l-N-pheny l-N-p-toluenesulfonyl-9-acridinium carboxamide trif luoromethane- 
25 sulfonate 

[compound 26] 
MS M + @ 467 
M p 21 0-24 *C (decomp.) 

50. 13513-247 10-Methyl-N-phenyl-N-p-bromobenzenesulfonyl-9-acridinium carboxamide trifluoro- 
30 methanesulfonate 

[compound 27] 
MS M + @531, 533 
M p 240 * C (decomp.) 

51.13513-248 10-Methyl-N-phenyl-o-nitrobenzenesulfonyl-9-acridinium carboxamide trifluorometh- 
35 anesulfonate 

[compound 28] 
MS M + @ 490 
M p 248-50 • C (decomp.) 

52. 13513-249 10-Methy l-N-pheny l-N-trifluoromethanesufonyl-9-acridinium carboxamide trifiuorometh- 
40 anesulfonate 

[compound 30] 
MS M + @ 445 

53. 1 351 3- 250 1 0-Methyl-N-phenyl-p-nitrobenzenesulfony l-9-acridinium carboxamide trif luorometh- 

anesulfonate 
45 [compound 29] 

MS M + @ 484 

54. 13514- 013 10-Methyl-N-isopropyl-N-p-toluenesuIfonyl-9-acridinium carboxamide trifluoromethane- 

sulfonate 
[compound 31] 
50 MS M + @ 433 

M p 214*C 

55. 13514-014 10-Methy l'N-isopropyl-N-p-bromobenzenesulfonyl-9-acridinium carboxamide trifluoro- 
methan sulfonate 
[compound 32] 
55 MS M + @ 497/499 

M p 200 ' C (decomp) 

56. 13514-018 10-M thyl-N-isopropyl-N-o-nitrobenzenesulfonyl-9-acridinium carboxamide trifluoro- 
methan sulfonate 
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[compound 33] 
MS M + @ 464 

1 0-Methyl-N-isopropyl-N-trifluoromethanesulfonyl-9-acridinium carboxamide trifluor- 
methanesulfonate 
[compound 34] 
MS M + @ 411 

10-MethyI-N-butyl-N-(2,4 l 6-trimethylbenzenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate 
[compound 35] *" ~ 

MS M + @ 475 
M p 227 *C (decomp.) 

1 0-Methy l-N-buty l-N-(2,4,6 triisopropylben2enesu!fonyi-9--acridinium carboxamide tri- 
fluoromethanesulfonate 
[compound 36] 
MS M + @ 559 
M p 231 • C (decomp.) 

10-methyl-N-tosyl-N-(5-carboxypentyi)-9 -acridinium carboxamide trifluoromethanesul- 
fonate, benzyl ester 
[compound 37] 

10-methyl-N-tosyl-N-(2-carboxyethyl)-9-acridinium carboxamide trifluoromethanesul- 
fonate , t-butyl ester 
[compound 39] 
MS M + @519 
M p 207 " C (decomp.) 

1 O-Methyl-N-butyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethanesul- 
fonate. 

[compound 40] 
MS M + @ 447 

1 0-Methy l-N-buty l-N-p-bromobenzenesulfony l-9-acridinium carboxamide trifluorometh- 
anesulfonate 
[compound 48] 
MS M + @ 511 
M P 126*C 

1 0-Methyl-N-butyl-N-o-nitrophenylsulfonyl-9-acridinium carboxamide trifluoromethane- 
sulfonate 
[compound 41] 
MS M + @ 478 
M p 232-234 -C 

1 0-Methy l-N-buty l-N-p-nitrophenysulfonyl-9-acridinium carboxamide trifluoromethane- 
sulfonate 
[compound 42] 
MS M + @ 478 
M p 201 *C 

10-Methyl-N-butyl-N-(2-4 dinitrophenylsulfonyl)-9-acridinium carboxamide trifluoro- 
methanesulfonate 
[compound 43] 
MS M + @ 523 
M p 21 5-220 *C 

1 O-Methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethanesul- 
fonate 

[compound 47] 
MS M + 2 @ 433 

10-methyl-N-(5-carboxypentyl)-N-p-nitrobenzenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate, benzyl ester 
[compound 45] 
MS M + @ 626 
M p 139-141 *C 

69. 14973-90A 1 0-Methy l-N-methyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethane- 



57. 13514-021 



58. 13514-037 



59. 13514-038 



60. 13514-044 



61. 13514-079 



62. 13513-211 



63. 13513-212 



64. 13513-215 



65. 13513-216 



66. 13513-230 



67. 1 4973-31 B 



68. 14973-47A 



14 



EP0 273 115 B1 



sulfonate 
[compound 46] 
MS M + @ 405 

70. 14973-25A 1 0-methyl-N-(5-carboxypentyl)-N-(o-bromoben2enesulfonyl)-9-acridinium carboxamide, 

benzyl ester 
[compound 44] 

Example 4 

Synthesis of 10-methyl-N-tosyl-N-(6-hexanoyl-N-hydroxysuccinimido)-9-acridinium carboxamide 
trifluoromethanesulfonate 

Compound 37 (450 mg, 0.78 mmoles) was treated with 6 ml of 31% HBr in acetic acid at 50 - C for 2 
hours under N2. The solution was poured into 30 ml of water and cooled. Carboxylic acid compound 71 ( 
13514-045 [N-tosyl-N-(5-carboxypentyl)-9-acridinecarboxamide] was separated by filtration. 

Compound 71 (100 mg., 0.2 mmol) was dissolved in dry methylene chloride (5 ml) and treated with N- 
hydroxysuccinimide (23 mg, 0.2 mmol) and dicyclohexylcarbodiimide (41 mg) under N2 for 12 hours. After 
reacting, the solution was filtered and then evaporated to dryness to yield an active ester, compound 72, 
1 351 4-052 [N-tosyl-N-(6-hexanoyl-N-hydroxysuccinimido)-9-acridinecarboxamide]. 

Compound 72 was methylated as in Example 3 to give compound 73. Compounds 71 , 72, and 73 are 
described below using the numerals, symbols and abbreviations which are explained in Example 1 . 

71. 13514-045 N-Tosyl-N-(5-carboxypentyl)-9-acridinecarboxamide 

[compound 37] 
MS M + @ 240 
M p 1 50-1 52 'C 

72. 1 3514-052 N-TosyI-N-(6-hexanoyl-N-hydroxysuccinimido)-9-acridinecarboxamide 

[compound 71] 
MS M* @ 588 

73. 1351 4-054 10-Methyl-N-tosyl-N-(6-hexanoyl-N-hydroxysuccinimido)-9-acridinumcarboxamide tri- 

fluoromethanesulfonate 
[compound 72] 

Example 5 

Synthesis of 10-Methyl-N-tosyl-N-(5-pentanoyl-N-hydroxysuccininimido)-9-acridinium carboxamide 
trifluoromethanesulfonate 

Compound 38, 13514-062, was treated as in Example 4 and yielded compound 74, 13514-065 [N-tosyl- 
N-(4-carboxybutyl)-9-acridinecarboxamide]. 

Compound 74 was coupled to N-hydroxysuccinimide, as in Example 4, to give compound 75, 13514- 
067, N-tosyl-N-(5-pentanoyl-N-hydroxysuccinimido)-9-acridinecarboxamide. This compound was methylated 
as in Example 3 to give compound 76, 13514-078 [10-methyl N-tosyl-N-(5-pentanoyl-N- 
hydroxysuccinimide)-9-acridinium carboxamide trifluoromethanesulfonate]. 

Compounds 74, 75 and 76 are described using the numerals, symbols and abbreviations which are 
explained in Example 1 . 

74. 13514-065 N-Tosyl-N-(4-carboxybutyl)-9-acridinecarboxamide 

MS M + @ 476 
M p 152-1 55 *C 

75. 13514-067 N-Tosyl-(5-pentanoyl N-hydroxy succinimido)-9-acridinecarboxamide 

[compound 74] 
MS M + @ 573 

76. 1 351 4-078 1 0-Methyl-N-tosy l-N-(5-pentanoy l-N-hydroxysuccinimido)-9-acridinium carboxamide 
trifluoromethan sulfonate 
[compound 75] 
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Example 6 

Synthesis of 10-methyl-N-tosyl-N-(2-carboxyethyl-9-acridinium carboxamide trifluorom ethanes u If onate 

5 Compound 61, 13514-079 (50 mg, 0,072 mmol) was dissolved in 2 ml of trifluoroacetic acid ["TFA"] at 
0*C under N2. After stirring for 15 minutes, the TFA was evaporated and the residue was recrystallized 
from methanol/ether (i.e., the residue was dissolved in methanol, adding ether until cloudy). Alternatively, 
compound 61, was refluxed in 1 N HCI for 3 hours. The aqueous solution was evaporated to dryness to 
leave a residue, and the residue was purified by preparative reverse phase HPLC. Compound 77, 13514- 
io 081 [10-methyl N-tosyl-N-(2-carboxyethyl)-9-acridinium carboxamide] resulted from either approach. Com- 
pound 77 is described using the numerals, symbols and abbreviations which are explained in Example 1 . 
, 77. 13514-081 10-Methyl-N-tosyl-N-(2-carboxyethyl)-9-acridinium carboxamide trifluoromethanesul- 
fonate 

[compound 61] 
rs MS (M + 14) @ 477; M + @ 463 

M p 227 *C (decomp.) 

Example 7 
20 Preparation of Acridinecarboxamides 

An amine (110 mole percent) and triethylamine (220 mole percent) were dissolved in methylene 
chloride. One hundred mole percent of 9-chlorocarbonyl acridine was added dropwise as a solution in 
methylene chloride. The reaction was stirred under N 2 for 3 hours. The solution was filtered through silica 
25 gel and the filtrate was evaporated to leave a residue. The residue was then recrystallized from an 
appropriate solvent (isopropyl ether for compound 78 and ethyl ether for compound 79). 

The following amides were prepared, and are described using the numerals, symbols and abbreviations 
which are explained in Example 1 . 

78. 1 4973-1 5A N-Allyl-9-acridinecarboxamide [Ally! amine (Aldrich)] 
30 MS M + @ 262 

M p 192 °C 

79. 14973-6A Benzyl N-(5-carboxypentyl)-9-acridinecarboxamide [6-Amino caproic acid (Aldrich)] 

MS M + @ 458 
M p 86*C 

35 

Example 8 

Synthesis of Acridinium carboxamides 

40 An ester (either compound 44 or compound 68) was added to a 1 N HCI solution and refluxed for 3-4 
hours. Upon cooling, the suspension was either filtered and the product collected, or the suspension was 
extracted with a chloroform :isopropanol (3:2) mixture, which provided the desired product (compound 80 or 
81, respectively) on evaporation. Compounds 80 and 81 are described using the numerals, symbols and 
abbreviations which are explained in Example 1 . 
45 80. 14379-27A 10-Methyl-N-(5-carboxypentyl)-N-p-bromobenzenesulfonyl-9-acridinium carboxamide 

trifluoromethanesulfonate 

[compound 44] 

MS M + @ 569, 571 

M p 148-1 50 *C 

so 81.1 4973-51 A 1 0-Methyl-N-(5-carboxypenty l)-N-p-nitrobenzenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate 
[compound 68] 
MS M + @ 536 
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Example 9 

Synthesis of 10-(3-sulfopropyi)-N-tosyl-N-(2-carboxyethyl)-9-acridinium carboxamide 

5 Propane sultone (260 mole percent) was heated with t-butyl N-tosyl-N-(2-carboxyethyl)-9-acridinecar- 
boxamide (compound 39, 13514-069) at 110 -120* C for 2 hours. After cooling, the solid mass was taken up 
in methanol and filtered. The filtrate was evaporated to dryness and the residue triturated with benzene to 
remove un-quaternized material. 

The crude product compound was treated with trifluoracetic acTd at 0 • C then allowed to warm to 25 • C 
to over a period of 15 minutes. The residue obtained upon evaporation was purified chromatographically on 
preparative thick-layer chromatography plates (C-18 PLKC 18F, 20 x 20 cm, 1000M, as available from 
Whatman, Clifton, New Jersey), eluted with 70 parts methanol/30 parts 0.5% aqueous acetic acid, and 
further purified by ion exchange on Cellex-D™ resin [BioRad Laboratories, Richmond, California] using 8% 
formic acid to elute the product, compound 82, which is described below using the numerals, symbols and 
rs abbreviations which are explained in Example 1. 

82. 1 4496-243 1 0-(3-sulfopropy l)-N-tosyl-N-(2-carboxyethyl)-9-acridinium carboxamide 
[compound 39] 
MS M + @ 572 

20 Example 10 

Synthesis of 10-(3-sulfopropyl)-N-tosyl-N-(3-sulfopropyl)-9-acridinium carboxamide 

Fifty milligrams of N-tosyl-9-acridinecarboxamide (compound 46, 14973-88A) were heated at 140- 
25 150°C under argon in a sealed tube with 500 mg of propane sultone for 3 hours. After cooling, excess 
propane sultone was removed by trituration with benzene (5 ml X 3). The crude product was purified by 
anion exchange chromatography using BioRad AG-1-X4 formate form [BioRad Laboratory, Richmond, 
California], eiuted with a gradient of aqueous formic acid. The product, compound 83, is described below 
using the numerals, symbols and abbreviations explained in Example 1 . 
30 83. 30253-020 10-(3-Sulfopropyl)-N-tosyl-N-(3-sulfopropyl)-9-acridinium carboxamide. 
[compound 46] 
MS M + H @621. 

Example 11 

35 

Evaluation of N-sulfonylacridinium carboxamide Chemiluminescence 

Acridinium compounds to be tested for chemiluminescence were dissolved in dimethyl formamide 
("DMF") and then diluted with 0.05 M sodium citrate (pH 5.0) or 0.05 M sodium phosphate (pH 7.0) buffer 
40 to give solutions of about 3 X 10~ 9 M. Twenty microliters of each buffered solution was diluted with 300 u\ 
of 0.1 N HCI and chemiluminscence was triggered with 150 ul of 0.03% H2O2 in 0.2 N NaOH. 

The light generated was recorded on a photon counter luminometer over a 10 second interval except 
where a longer interval is indicated in Table 2. The specific activity of each compound is provided in the 
form of counts/mole in Table 2. 

45 



50 



55 
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TABLE 2 



5 


Compound No. 


Identifyinq No. 


Counts/Mole 


10 
15 


49 
50 
51 
50 
53 


13513-246 
13513-247 
13513-248 
13513-249 
13513-250 


9.4 

9 x 

1 X 
1.2 

1 X 


x 10 18 
10 18 
10 19 
x 10 19 - 
10 19 


20 


54 
55 
56 
57 
58 


13514-013 
13514-014 
13514-018 
13514-021 
13514-037 


8.3 x 10 18 
1.25 x 10 19 

1.1 x 10 19 
1.5 x 10 19 

5.2 x 10 18 


25 


59 


13514-038 


1.4 


(50 sees) 
x 10 19 


30 
35 


62 
63 
64 
65 
66 


13513-211 
13513-212 
13513-215 
13513-216 
13513-230 


5 x 

7 x 
6.1 

8 x 
5 x 


(20 sees) 

10 18 

10 18 

x 10 18 

10 i8 

10 18 




Example 12 








40 


Stability Test of Compound 62 (13513-211) 







Compound 62 (2 mg) was dissolved in 1 ml of methanol. Fifty microliters of this solution were added to 
each of the following buffers: 
45 1) 500 microliters of 0.05 M sodium phosphate, pH 5.0 

2) 500 microliters of 0.05 M sodium phosphate, pH 5.5 

3) 500 microliters of 0.05 M sodium phosphate, pH 6.0 

4) 500 microliters of 0.05 M sodium phosphate, pH 6.5 

5) 500 microliters of 0.05 M sodium phosphate, pH 7.0. 

so Each solution was analyzed on a Perkin-Elmer Series 4 HPLC using a reverse phase column (C-18 u 
Bondapak, 3.9 mm x 30 cm, available from Waters Associates, Milford, Massachusetts). The elution was 
done with 75% methanol and 25% 5 mM pentanesulfonic acid in 1% aqueous acetic acid at a flow rate of 1 
ml/min. The effluent was monitored at 254 nm. 

After 4 weeks at room temperature, the solutions at pH 5.0, pH 5.5 and pH 6.0 showed no sign of 

55 decomposition, while at pH 6.5 and at pH 7.0, 20% and 70% decomposition were seen, respectively. 
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Example 13 

Comparison of Temperature and pH Stabilities of Acridinium Compounds in Buffer at pH 7.2 

5 Three different acridinium compounds, compound 62, 13513-211, a compound identified by the number 
1 351 4-020 [4-(carbobenzyloxymethyl)-phenyl-1 0-methy l-9-acridinium carboxylate trif luoromethanesulfonate] 
as prepared as in Weeks, et al., Clin. Chem. , 29, 1474-79 (1983), and compound 83, 30253-020, were 
compared for temperature and pH stability. The comparison was carried out in methanol or water at a 
concentration of 1.0 mg/ml (which is approximately equivalent to 1.6 X 10" 3 M). Each of the samples was 

10 diluted 1:100 in an acid solution containing one part of 0.1 N HCI plus one part phosphate-buffered saline 
("PBS") pH 6.8 with 0.01% Tween 20® (available from Sigma Chemical Company, St. Louis, Missouri). The 
final pH of the diluent solution were about 1.5. The molarity of each of these solutions was 1.6 X 10~ 5 M. 

Each of the solutions was scanned to record a UV-visible absorption spectrum in order to determine 
molar extinction coefficients and in order to detect any appreciable differences in the absorbance spectra. 

15 The UV-visible absorption spectra of these acridinium compounds have the characteristics presented in 
Table 3. 

TABLE 3 



30 



Compound No. 


Identifying No. 


Wavelength 


Observed Absorbance 


62 


13513-211 


263nm 


1.40 






369nm 


0.286 


83 


30253-020 


263.5nm 


1.42 






370nm 


0.304 




13514-020 


262nm 


1.72 






368nm 


0.334 


For all three compounds, € 370 a 18,000 and e 2 63 s 87,000. 



These spectra indicate that there is very little difference either in UV-visible absorbance or in molar 
extinction coefficients among these three compounds. In fact, within the limitations of experimental error, 
few or no spectral differences were observed. 

35 The 1.6 X 10" 5 M stock solutions of the three compounds were serially diluted 10-fold in 0.01 M 
sodium phosphate with 0.05% normal human serum at pH 4.8. They were also serially diluted 10-fold in 
PBS (pH 7.2) with 0.01 % Tween 20®. 

Because it is known that, in general, acridinium compounds are more stable at an acid pH, it was 
assumed that the counts obtained from the samples diluted in pH 4.8 buffer would be representative of the 

40 maximum stability with maximum chemiluminescent output. All three compounds were serially diluted 10- 
fold to a final concentration of 1.6 X 10~ 10 M. A 10 ul aliquot of each sample was added to 90 ul of 0.05 N 
HCI. Chemiluminescence was triggered with 200 ul of 0.03% H2O2 in 0.25 N NaOH and counts were 
monitored on a luminometer for 6 seconds with results as presented in Table 4. Results are presented in 
Table 4 for each of three runs. 

45 
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TABLE 4 



Compound No. 


Identifying No. 


Counts/6 Seconds 


62 


13513-211 


92,669 






91,241 






91,995 


83 


30253-020 


..-±38,791 






141,962 






145,133 




13514-020 


59,438 






59,443 






59,449 



Within experimental error, chemiluminescent output on the luminometer did not differ among the com- 
pounds, as indicated in Table 5. 

TABLE 5 



Chemiluminescent Output at pH 4.8 


Compound No. 


Identifying No. 


Counts/Mole 


62 


13513-211 


5.7 X10 19 


83 


30253-020 


8.7 X 10 19 




13514-020 


3.7 X10 19 



When 10 ill of these same compounds were diluted to 1.6 X 10" 10 M in 90 uJ PBS buffer (pH 7.2) with 
0.01 % Tween 20® and not acidified prior to running chemiluminescence output determinations as above, 
the results were somewhat different, especially for the acridinium carboxylate compound 13514-020, as 
shown in Table 6. Results are presented in Table 6 for each of three runs. 
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TABLE 6 



5 



Chemiluminescent Output at pH 7.2 



Compound No. 



Identifying No. _ Counts/6 Seconds 



w 



62 



13513-211 



88,633 
89,135 
90,394 



75 



83 



30253-020 



133,560 
137,929 
142,299 



20 



13514-020 



8,185 



25 



7,274 
6,363 



The compound identified by the number 13514-020 produced only 4.4 X 10 18 counts/mole in pH 7.2 
30 buffer, almost an order of magnitude fewer counts than it produced at pH 4.8. This may be due to 
pseudobase formation by a large proportion of the molecules at the more alkaline pH, the pseudobase 
being substantially less chemiluminescent than the corresponding positively charged acridinium compound. 

The N-sulfonylacridinium carboxamide compounds showed only a very small drop in counts when 
incubated at pH 7.2. This suggests that they do not undergo pseudobase formation to any appreciable 
35 degree, at least at this pH. 

The dilution series of all three of the acridinium compounds in pH 7.2 buffer were stored overnight at 
room temperature and then assayed. Both N-sulfonylacridium carboxamide compounds showed virtually no 
change in chemiluminescence. The phenyl acridiunium carboxylate showed a significant drop after 20 hours 
at room temperature. 

40 The samples were then placed in an incubator at 45 * C. Every day for the duration of the study they 
were removed from the incubator, cooled to room temperature, and 10 ul aliquots diluted in 90 ul of PBS 
buffer (pH 7.2) were assayed for chemiluminescence. 

Neither of the N-sulfonylacridinium carboxamides showed any significant difference in chemilumines- 
cent output when diluted either in 0.05 N HCl or in PBS at pH 7.2. However, the acridinium carboxylate 

45 13514-020 exhibited a significantly different chemiluminscent output when diluted in 0.05 N HCl or in PBS 
buffer at pH 7.2. When diluted in PBS buffer (pH 7.2), the acridinium carboxylate consistently produced at 
least 1 0-fold fewer counts than when diluted in 0.05 N HCl. 

The 10,N-bis-(3-sulfopropyl) acridinium carboxamide (compound 83, 30253-020) appears to be quite 
stable at pH 7.2 at 45 *C. After 10 days under such conditions no appreciable loss of chemiluminescence 

so was observed. Compound 13513-211 produced 10-fold fewer counts, and the acridinium carboxylate 13514- 
020 produced 10 3 fewer counts under the same conditions. 

Example 1 4 

55 Preparation of Labeled IgG 

Disulfopropyl compound 83, 30253-020, was activated by treatment with phosphorous oxychloride in 
acetonitrile at 45 *C for 12 hours under argon. The solvent and excess POCb were removed in vacuo and 
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the activated compound was used directly in the labeling reaction. 

Thus, 10 mg of rabbit IgG (Sigma Chemical Company, St. Louis, Missouri) was dissolved in 0.1 M 
sodium phosphate buffer (2 ml, pH 7.0) containing 1% Tween 80®. One ml of this solution was mixed with 
about 2 mg of the bis-sulfonylchloride. The solution was agitated periodically by sonication and stirring for 
5 one hour at room temperature. 

An aliquot (0.5 ml) of the reaction solution was chromotographed over Sephadex® G-25 (10 cm X 0.75 
cm), as available from Pharmacia, Piscataway, New Jersey, and eluted with 0.1 M phosphate buffer (pH 
6.5). 

The labeled protein eluted as a weakly green fluorescent band.' fhe labeled protein was further purified 
io by HPLC using a Bio-Sil® TSK-250 column (BioRad, Richmond, California). The resulting conjugate (30253- 
34) contained 0.8 labels/protein, as determined from the ratio of the absorbance of 370 nm (e s 10,000, 
acridinium salt) to the absorbance 280 nm (e s 210,000, IgG). 

Example 15 

75 

Heat Stability Studies 

The conjugate 30253-34, as synthesized in Example 14, was serially diluted 10-fold in three buffers (0.1 
M sodium phosphate, 0.01% Tween 20®, pH 6.3; 0.01 M sodium phosphate, 0.15 M NaCI, 0.01% Tween 

20 20®, pH 6.8; and 0.01 M sodium phosphate, 0.15 M NaCI, 0.01% Tween 20®, pH 7.2) to a concentration of 
2 X 10~ 9 M IgG and 1,6 X 10~ 9 M acridinium. A dilution series was prepared and initial counts were 
recorded by taking 10 ul of the sample, diluting with 90 ul of PBS buffer at pH 6.3, pH 6.8, or pH 7.2, and 
then triggering chemiluminescence with 200 ul of 0.03% H2O2 in 0.25 N NaOH. A 100 ul sample of PBS 
buffer was used as a control for each series. 

25 Counts shown in Table 7 are averages of results for duplicate samples assayed on the day on which 
the dilution series was prepared. The concentration shown in Table 7 is the concentration of the sample 
prior to dilution. The amount in parentheses for each entry in Table 7 is the amount of conjugate present in 
the sample. 

30 



35 



40 



45 



50 



55 
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TABLE 7 

Concentration (Amount) Counts/6 Seconds 

pH 6.3 

buffer (0 moles) 253 

2 X 10" 10 M (2 X 10" 14 moles) ' 216,054 

1 X 10" 10 M (1 X 10~ 14 moles) 100,842 

5 X 10 -11 M (5 X 10~ 15 moles) 48,704 
2.5 X 10 -11 M (2.5 X 10' 15 moles) 23,771 
1.25 X 10" 11 M (1.25 X 10" 15 moles) 11,475 

6 X 10" 12 M (6 X 10" 16 moles) 5^866 

pH 6.8 

buffer (0 moles) 233 

2 X 10" 10 M (2 X 10~ 14 moles) 295,608 

1 X 10" 10 M (1 X 10" 14 moles) 149,725 

5 X 10" 11 M (5 X 10~ 15 moles) 76,820 
2.5 X 10" 11 M (2.5 X 10' 15 moles) 38,801 
1.25 X 10" 11 M (1.25 X 10~ 15 moles) 18,408 

6 X 10~ 12 M (6 X 10" 16 moles) 9,398 

pH 7.2 

buffer (0 moles) 726 

2 X 10" 10 M (2 X 10" 14 moles) 309,445 
1 X 10" 10 M (1 X 10" 14 moles) 156,311 

5 X 10" 11 M (5 X 10" 15 moles) 77,238 
2.5 X 10" 11 M (2.5 X 10~ 15 moles) 39,879 
1.25 X 10" 11 M (1.25 X 10" 15 moles) 19,925 

6 X 10~ 12 M (6 X 10" 16 moles) 10,526 



Each dilution series was placed in a warm air incubator at 45 ' C after an initial reading was taken. A 
duplicate reading was made on each sample daily and then the readings were averaged. 

When the conjugate was stored at pH 6.8 and at 45 • C, there was no loss in chemiluminescent activity 
of the label over a 15 day period of observation, at any dilution. Essentially the same results were observed 
when the conjugate was stored in PBS buffer at pH 7.2. 

Example 16 

Comparison of CLIA vs. RIA 

A. Preparation of Acridinium-Labeled Anti-HsAg Conjugate. Compound 75 (13514-081, Example 6) (12.5 
umol) was dissolved in 200 ul of DMF, was treated with NHS (dissolved in 50 ul of DMF) and 
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dicycloh xylcarbodiimide {dissolved in 50 ul of DMF) ("DCC"); and stirred for 12 hours at room 
temperature. The solution of the activated ester was mixed with mouse monoclonal anti-HBsAg in 0.1 M 
sodium phosphate buffer (pH 6.3) in a molar ratio of 100:1 at 4' C for 12 hours. 

The conjugate was then dialysed against PBS buffer, pH 6.3, until the absorbance of the dialysate 
5 indicated no free label. A UV spectral analysis indicated between 2 to 6 labels/antibody (as determined 
from a ratio of absorbances as in Example 14). 

B. Assay for HBsAg. Either type Ad or type A y HBsAg (200 ul) was diluted in calf serum and was reacted 
with an Auszyme™ (Abbott Laboratories, Abbott Park, Illinois) monoclonal antibody bead and 2 X 10 s of 
counts of 125 (-labeled mouse monoclonal anti-HBsAg antibody (40Hl, in the RIA) or an acridinium-labeled 
io mouse monoclonal anti-HBsAg antibody (40 ul, in the CLIA) in PBS containing 50% calf serum, 10% 
human serum, 0.05% Tween 20® and 5 mM EDTA (pH 6.3). for three hours at 40 *C. The beads were 
then washed 6 times in water and counted for their activities. Calf serum was used as a negative control. 
In the CLIA, a polystyrene bead with conjugate adsorbed thereto was mixed with 250 ul phosphate, 0.5 
mM, pH 5.3, in a glass vial suitable for use in a luminometer. While the sample was in the measuring 
75 position, 0.2 ml of 0.03% H2O2 in 0.25 N NaOH was then injected into the glass vial. The light emmitted 
was measured in the luminometer. Reading began 0.012 seconds before initiation of the chemical reaction 
and continued for 6 seconds. 

The results are presented in Table 8. 

20 TABLE 8 



25 



30 



Concentration (ng/ml) 


CLIA 


RIA 


Ad 


Ay 


Ad 


Ay 


1.0 


2214 


3144 


371 


400 


0.5 


1256 


2494 


236 


408 


0.25 


701 


921 


221 


248 


0.125 


521 


592 


173 


179 


Calf Serum 


151 


179 






Cut-off 


327 


376 







Under the stated conditions, the sensitivity for the CLIA was less than 0.125 ng/ml for both the Ad and 
A y types of HBsAg. For the RIA the sensitivity was 1.0 ng/ml for both the Ad and A y types. The cut-off count 
35 was 2.1 times that of the negative control. 

Table 8 clearly shows that chemiluminescent immunoassays according to the present invention are 
more sensitive than comparable radioimmunoassays. 

Example 17 

40 

A comparison of CLIA and EIA 

A. Preparation of labeled anti-hTSH (30234-207) . Compound 75 (13514-081, Example 6) (2 mg, 4.3 
umoles) in 200 ml of acetonitrile was treated with 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hy- 

45 drochloride (Sigma, St. Louis, Missouri) (10 umoles) in 100 ul of acetonitrile and N-hydroxysuccinimide 
(4-9 umoles) in 100 ul of acetonitrile for 12 hours at 25 *C in the dark. 

The active ester was mixed with anti-hTSH in PBS buffer containing 0.5% 3-[(3-cholamidopropyl) 
dimethylammonio]-1-propane-sulfonate ("CHAPS") at pH 6.5 in a ratio of 50:1 (antibody:active ester). 
After coupling for 3 hours at 25 *C, the labeled antibody was dialysed against PBS buffer containing 

so 0.5% CHAPS at pH 6.5 until no free label was present in the dialysate by U.V. 

Based on the U.V. spectra, the conjugate had an average of 10 labels per antibody. 
B - Assay for hTSH . CLIA and EIA were compared using the Abbott hTSH-EIA Kit (Abbott Laboratories, 
Abbott Park, Illinois) with the exception that for the CLIA, the anti-hTSH acrrdininium conjugate was used 
in place of the kit anti-hTSH-HRPO conjugate. Thus, a standard curve was generated by incubating the 

55 kit standards with the kit beads at 37 *C for 1 hour, then washing three times. For the CLIA, th 
conjugate prepared above was diluted 1:5000 with PBS buffer containing 50% calf serum, 1% normal 
mous serum, 0.05% Tween® 20 and 2 mM EDTA at pH 6.3. One hundred microliters of this solution 
was incubated with the beads for 1 hour at 37 ■ C, then washed four times. 
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The beads were transferred one by one to the reaction vial of a luminometer containing 400 u! of 
water and reacted with 200 n\ of 0.03% H2O2 in 0.2 N NaOH. Photon counts were recorded for 6 
seconds. 

The EIA was carried out according to the instructions in the kit insert on a Quantum II® spectro 
5 photometer (Abbott Laboratories, Abbott Park, Illinois) 
The results are shown in Table 9. 

TABLE 9 

10 

Concentration CLIA EIA 

(ulu/ml) (counts) i*492l 



0 


533(SD35.4) 


0.012 


1 


5064 


0.062 


4 


14476 


0.176 


10 


32092 


0.397 


25 


66072 


0.828 


60 


110,984 


1.602 



25 

Under these conditions the sensitivity of the CLIA was 0.016 ulU/ml (0 standard + 2 SD) while the EIA had 
a sensitivity of 0.05 ulU/ml. 

30 Example 18 

Preparation of 5-methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamide 

Phenanthridine-6-carboxylic acid (400 mg, 1.8 mmoles) [prepared by the method of Wittig et al., Justus 
35 Liebig's Ann. , 577 , 1 (1952)], was suspended in methylene chloride (20 ml, distilled from P2Q5) and cooled 
to 0°C under nitrogen. Oxalyl chloride (320 ul, 3.6 mmoles) (Aldrich Chemical Co., Milwaukee, Wisconsin) 
was added, followed by DMF (5 ul). As the reaction mixture was stirred for one hour at 0*C and for 30 
minutes at 25 • C, all the carboxylic acid dissolved. The solution was evaporated to dryness to give the acid 
chloride which was used without further purification. 
40 Methyl N-tosyl-0-alanine was prepared from methyl-j3-alanine (Aldrich Chemical Company, Milwaukee, 
Wisconsin) and tosyl chloride (Aldrich Chemical Company, Milwaukee, Wisconsin) according to the 
procedure of Example 1. Potassium t-butoxide (600 mg, 5.4 mmoles, freshly sublimed) was added to a 
solution of 1.3g (5.4 mmoles) of methyl N-tosyh8-alanine in 50 ml of THF. After stirring for 15 minutes and 
at room temperature and under N 2 , the suspension was evaporated to dryness. The potassium salt of 
45 methyl N-tosyl-0-alanine, was resuspended in 20 ml of THF, mixed with the acid chloride (in 20 ml of THF), 
and stirred for 12 hours. 

The resulting suspension was poured into 100 ml of ethylacetate, washed with 50 ml of water and 
washed twice with 25 ml of brine. After drying over MgSO* and evaporating to dryness, the residue was 
chromatographed on a Chromatatron™ chromatograph (available from Harrison Research, Palo Alto, 

50 California) using a 4 mm silica rotor and employing a 25/75 ethylacetate/hexane gradient. The product (R f 
0.2) was collected, then recrystallized from benzene/hexane (i.e., the product was dissolved in benzene, and 
hexane was added until cloudy) to give 130 mg of methyl 6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridinecar- 
boxamide, Compound 84, 13514-225. 

Compound 84, 1.351 4-225, was methylated according to the procedure in Example 3 to give methyl 5- 

55 methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamide, compound 85, 13514-227. Compound 
85 was hydrolyzed according to the procedure in Example 8 to provide 5-methyl-6-[N-tosyl-N-(2-carbox- 
yethyl)]-phenanthridiniumcarboxamide, compound 86, 13514-228. 
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Compounds 84, 85 and 86 ar d scribed using the numerals, symbols and abbreviations as xplained 
in Example 1. 

84. 13514-225 6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridinecarboxylate, methyl ester 

MS M + H @ 463 

85. 13514-227 5-methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamide, methyl ester 

MS M + @ 477 
Mp 136'C 

86. 1 351 4-228 5-Methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamide 

MSM + @463 

Although the present invention has been described in terms of preferred embodiments, it is understood 
that modifications and improvements will occur to those skilled in the art. 

Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. A chemiluminescent compound selected from compounds identified by the formulae 




wherein R, R' and R" independently comprise a member selected from the group consisting of 
alkylene, arylene, substituted alkylene, and substituted arylene groups such that: 

one or more hydrogens of said member is replaced by an alkyl, aryl, substituted alkyl, substituted 
aryl, alkoxy, aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, 
thio, imino, mercapto or substituted mercapto group, 

or such that one or more carbon atoms of said member is replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidylcarboxy and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 
from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other 
one is selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counter ion; 
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with the proviso that R-X 3 , R'-X 2 and R"-X 1 may also independently be hydrogen, and 
with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , X 2 
or X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, isothiocyanate, N- 
maleimide and N-succinimidylcarboxy, and the other one of R'-X 2 and R-X 3 is selected from hydrogen, 
alkyl, aryl or benzyl, or such aryl or benzyl substituted by alkoxy, aryloxy, amino, or hydroxy, 
then X 1 is different from H and R"-X 1 is different from H; 

and also selected from 1 0-methy i-N-ally l-N-p-toluenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate. 

2. The chemiluminescent compound as recited in claim 1 wherein Y~ is a counter ion selected from the 
group consisting of sulfate, alkylsulfate, halosulfate, haloborate, haloacetate, halophosphate, phosphate, 
halide and trifluoromethanesulfonate. 

3. The chemiluminescent compound as recited in claim 1 wherein said heteroatom is selected from the 
group consisting of nitrogen, phosphorus, sulfur and oxygen. 

4. The chemiluminescent compound as recited in claim 1 wherein R, R\ and R" independently are of the 
formula 

-(CH 2 ) n - 

* where n = 0 - 50. 

5. The chemiluminescent compound as recited in claim 1 wherein R" is -CHfe-, X 1 is -H, and R'-X 2 is 
identified by the formula 



6. The chemiluminescent compound as recited in claim 5 wherein said compound is 10-methyl-N-[2- 
carboxyethyl]-N-tosyl-9-acridinium carboxamide. 

7. The chemiluminescent compound as recited in claim 5 wherein said compound is 10-methyl-N-(4- 
carboxybutyl)-N-tosyl-9-acridinium carboxamide. 

8. The chemiluminescent compound as recited in claim 5 wherein said compound is lO-methyl-N-(5- 
carboxypentyl)-N-tosyl-9-acridinium carboxamide. 

9. The chemiluminescent compound as recited in claim 1 wherein R" is -(CH 2 )3-, X 1 is -SOa-, and R'-X 2 is 
identified by the formula 



10. The chemiluminescent compound as recited in claim 9 wherein said compound is 10-(3-sulfopropyl)-N- 
(2-carboxyethyl)-N-tosyl-9-acridinium carboxamide. 

11. The chemiluminescent compound as recited in claim 9 wherein said compound is 10-(3-su!fopropyl)-N- 
(3-sulfopropyl)-N-tosyl-9-acridinium carboxamide. 
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12. The chemiluminescent compound as recited in claim 1 wherein R'-X* is identified by the formula, 




20 

13. The chemiluminescent compound as recited in claim 1 wherein said compound is selected from 10- 
methyl-N-phenyl-N-tosyl-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-phenyl-N-(p- 
bromobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-phenyl-N-(p- 
nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-phenyl-N-(o- 

25 nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 10-methyl-N-phenyl-N- 
trifluoromethanesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

14. The chemiluminescent compound as recited in claim 1 wherein said compound is 10-methyl-N- 
isopropyl-N-tosyl-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-isopropy!-N-(p- 

30 bromobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-isopropy!-N- 
(o-nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 10-methyl-N-isopropyl- 
N-trifluoromethanesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

15. The chemiluminescent compound as recited in claim 1 wherein said compound is 10-methyl-N-butyl-N- 
35 (2,4,6 trimethylbenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N- 

butyl-N-(2,4,6-tri-isopropyl-benzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0- 
methyl-N-butyl-N-tosyl-9-acridinium-carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(p- 
bromobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(o- 
nitrophenylsulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(p- 
40 nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methy!-N-butyl-N-(2,4- 
dinitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 10-methyl-N-allyl-N- 
tosyl-9-acridinium carboxamide trifluoromethanesulfonate. 

16. The chemiluminescent compound as recited in claim 1 wherein said compound is 6-[N-tosyl-N-(2- 
45 carboxyethyl)]-phenanthridinecarboxamide, methyl ester, 5-methyl-6-[N-tosyl-N-(2-carboxyethyl)]- 

phenanthridiniumcarboxamide, methyl ester, or5-methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridinium- 
carboxamide. 

17. A method for preparation of a chemiluminescent compound comprising the steps of: contacting an 
so amine identified by the formula 

X3-R-NH 2 

with a sulfonylhalide identified by the formula 

55 

W-SOa-R'-X 2 

in an inert solvent in the presence of base to form a sulfonamide identified by the formula 
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X 3 RNHS0 2 R , X 2 ; and 

contacting the sulfonamide in an inert solvent in the presence of a base to form a sulfonamide anion 
identified by the formula 



70 



M+ 



X 3 -R-N"-S0 2 -R , -X 2 



and 



?5 



20 



25 



a) acylating with an activated 9-acridinecarboxylic acid identified by the formula 




to produce said chemiiuminescent compound identified by the formula 



30 



35 



40 




N-SOi-R'-X* 



45 



defined in claim 1 , 
or 

10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate; or 
b) acylating with an activated phenanthridine-6-carboxylic acid identified by the formula 



50 



55 



X'— 
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to produc said chemiluminescent compound identified by the formula 



10 



15 



II 




20 



25 



30 



35 



defined in claim 1 ; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
wherein M is selected from the group consisting of Li, Na and K; and 

wherein Z is selected from the group consisting of halo, imidazole N-hydroxysuccinimidyl and 
azido groups. 

18. A method for preparation of a chemiluminescent compound comprising the steps of: 
contacting an amine identified by the formula 

X3-R-NH2 

with a sulfonylhalide identified by the formula 
W-SOz-R'-X 2 

in an inert solvent in the presence of base to form a sulfonamide identified by the formula 
X^NHSOzR'X 2 ; and 

contacting the sulfonamide in an inert solvent in the presence of a base to form a sulfonamide 
anion identified by the formula 



40 



45 



M+ 



X 3 -R-N"-S0 2 -R , -X 2 



and 



a) acylating with an activated 9-acridinecarboxylic acid identified by the formula 



50 



55 



to form a compound identified by the formula 
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and contacting said compound with an alkylating agent of the formula 
Y-FT-X 1 

to produce said chemiluminescent compound identified by the formula 




R-X 3 



defined in claim 1 , 
or 

1 0-methyl-N-allyl-N-p-toluenesuIfonyl-9-acridinium carboxamide trifluoromethanesulfonate, 
b) acylating with an activated phenanthridine-6-carboxylic acid identified by the formula 



Q 



lOIQ 



to form a compound identified by the formula 
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5 



10 




rs and contacting said compound with an alkylating agent of the formula 

Y-FT-X 1 

to produce said chemiluminescent compound identified by the formula 

20 



25 



30 




35 defined in Claim 1 ; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
wherein M is selected from the group consisting of Li, Na and K; and 

wherein Z is selected from the group consisting of halo, imidazolo, N-hydroxysuccinimidyl and 
azido groups. 

40 

19. The method according to claim 17 or 18 wherein said heteroatom is selected from the group consisting 
of nitrogen, phosphorus, sulfur and oxygen. 

20. A conjugate formed by an antibody or antigen conjugated to a chemiluminescent compound recited in 
45 claim 1, with the further proviso that when in said chemiluminescent compound of formula I either one 

of X 2 and X 3 in R'-X 2 and R-X 3 is carboxy, carboalkoxy, carboxamido or carboaryloxy and the other one 
of R'-X 2 and R-X 3 is selected from hydrogen, alky I, aryl or benzyl or such an aryl or benzyl substituted 
by alkoxy, aryloxy, amino, or hydroxy, then X 1 and R'^X 1 are different from H. 

so 21. A method for performing a chemiluminescent immunoassay to cest for the presence of an antigen or 
antibody to an antigen as recited in claim 20 comprising the step of exposing a sample to a conjugate 
as recited in claim 20. 

22. A conjugate formed by a nucleic acid probe conjugated to a chemiluminescent compound selected 
55 from compounds identified by the formula 
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and 

75 



20 



25 




30 wherein R, R\ and R" may independently include a member selected from the group consisting of 
alkylene, arylene, substituted alkylene and substituted arylene groups, such that: one or more 
hydrogens of said member is replaced by an alkyl, aryl, substituted alky I, substituted aryl, alkoxy, 
aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, 
mercapto or substituted mercapto group; or such that one or more carbon atoms of the member is 

35 replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboafkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidyloxycarbonyl and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 

40 from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other 
one is selected from n-butyl and phenyl; and 
wherein Y~ is an appropriate counter ion; 

with the proviso that R-X 3 , R'-X 2 and R'^X 1 may also independently be hydrogen; 
and also selected from 1 0-methy l-N-allyl-N-p-toluenesuIfony l-9-acridinium carboxamide 
45 trifluoromethanesulfonate. 

23. A method for performing a chemi luminescent assay to test for the presence of a nucleic acid as recited 
in Claim 22 comprising the step of exposing a sample to a conjugate as recited in Claim 22. 

50 Claims for the following Contracting States : AT, ES 

1. A method for preparation of a chemiluminescent compound comprising the steps of: 
contacting an amine identified by the formula 

55 X3-R-NH 2 

with a sulfonylhalide identified by th formula 
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W-S0 2 -R'-X 2 

in an inert solvent in the presence of base to form a sulfonamide identified by the formula 
X 3 RNHS02R'X 2 ; and 

contacting the sulfonamide in an inert solvent in the presence of a base to form a sulfonamide 
anion identified by the formula 

M+ 

X 3 -R-N~-S0 2 -R ' -X 2 ; 

and 

a) acylating with an activated 9-acridinecarboxylic acid identified by the formula 




to produce said chemiluminescent compound identified by the formula 



r" — x* 




or 

b) acylating with an activated phenanthridine-6-carboxylic acid identified by the formula 



II 




Y 
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to produce said chemiluminescent compound identified by the formula 




wherein R, R' and R" independently comprise a member selected from the group consisting of: 
alkylene, arylene, substituted alkyiene and substituted arylene groups, such that: one or more 
hydrogens of said member is replaced by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, 
aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, 
imino, mercapto or substituted mercapto group, 

or such that one or more, carbon atoms of said member is replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, 
sulfonyl halide, carbonyl halide, N-carboxysuccinimide and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is 
selected from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided 
that the other one is selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counter ion; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
wherein M is selected from the group consisting of Li, Na and K; and 

wherein Z is selected from the group consisting of halo, imidazole N-hydroxysuccinimidyl and 
azido groups; 

provided that R-X 3 , R'-X 2 and R'^X 1 may also independently be hydrogen, and 
with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , 
X 2 or X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, 
isothiocyanate, N-maleimide and N-succinimidylcarboxy, and the other one of R'-X 2 and R-X 3 is 
selected from hydrogen, alkyl, aryl or benzyl or such aryl or benzyl substituted by alkoxy, aryloxy, 
amino, or 

hydroxy, then X 1 is different from H and R'^X 1 is different from H; 

and wherein said chemiluminescent compound can also be 10-methyl-N-allyl-N-p-toluenesul- 
fonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

A method for preparation of a chemiluminescent compound comprising the steps of: 
contacting an amine identified by the formula 

X 3 -R-NH 2 

with a sulfonylhalide identified by the formula 
W-SCVR'-X 2 

in an inert solvent in the presence of base to form a sulfonamide identified by the formula 
XSRNHSOaR'X 2 ; and 

contacting the sulfonamide in an inert solvent in the presence of a base to form a sulfonamide 
anion identified by the formula 
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X 3 -R-N~-S0 2 -R»-X 2 



M+ 



and 



a) acylating with an activated 9-acridinecarboxyfic acid identified by the formula 



70 



75 



0^2 



20 



25 



30 



35 



40 



45 



50 



to form a compound identified by the formula 



OIOIQ 



and contacting said compound with an alkylating agent of the formula 
Y-FT-X 1 

to produce said chemiluminescent compound identified by the formula 

I 




or 



55 
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b) acylating with an activated phenanthridine-6-carboxylic acid identified by the formula 




to form a compound identified by the formula 




and contacting said compound with an alkylating agent of the formula 
Y-FT-X 1 

to produce said chemiluminescent compound identified by the formula 




X 

wherein R, R' and R" are independently selected from the group consisting of: aikylene, arylene, 
substituted aikylene and substituted arylene groups, such that: one or more hydrogens of said 
member is replaced by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, aryloxy, halo, amino, 
protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, mercapto or 
substituted mercapto group, 

or such that one or more carbon atoms of said member is replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximide, isocyanato, isothiocyanato, sulfo, 
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sulfonyl halide, carbonyl halide, N-carboxysuccinimide and N-maleimide groups; or 

wherein one of R-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is 

selected from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided 

that the other one is selected from n-butyl and phenyl; and 
5 wherein Y~ is an appropriate counter ion; 

wherein W is selected from the group consisting of chloro and fluoro groups; and 
wherein M is selected from the group consisting of Li, Na and K; and 

wherein Z is selected from the group consisting of halo, imidazolo, N-hydroxysuccinimidyl and 
azido groups; 

w provided that R-X 3 , R'-X 2 and R'^X 1 may also independently be hydrogen, and 

with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , 
X 2 or X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, 
isothiocyanate, N-maleimide and N-succinimidylcarboxy, and the other one of R'-X 2 and R-X 3 is 
selected from hydrogen, alkyl, aryl or benzyl or such aryl or benzyl substituted by alkoxy, aryloxy, 
75 amino, or 

hydroxy, then X 1 is different from H and R^-X 1 is different from H; 

and wherein said chemiluminescent compound can also be 10-methyl-N-allyl-N-p-toluenesul- 
fonyl-9-acridinium carboxamide trifiuoromethanesulfonate. 



20 3. The method according to claim 1 or 2 wherein said heteroatom is selected from the group consisting of 
nitrogen, phosphorus, sulfur and oxygen. 



4. The method as recited in claim 1 or 2 

wherein said compound is 10-methyl-N-[2-carboxy-ethyl]-N-tosyl-9-acridinium carboxamide. 

25 

5. The method as recited in claim 1 or 2 

wherein said compound is 10-methyl-N-(4-carboxy-butyl)-N-tosyl-9-acridinium carboxamide. 



6. The method as recited in claim 1 or 2 

30 wherein said compound is 10-methyl-N-(5-carboxy-pentyl)-N-tosyl-9-acridinium carboxamide. 

7. The method as recited in claim 1 or 2 

wherein said compound is 10-(3-sulfopropyl)-N-(2-carboxyethyl)-N-tosyl-9-acridinium carboxamide. 

35 8. The method as recited in claim 1 or 2 

wherein said compound is 10-(3-suifopropyl)-N-(3-sulfopropyl)-N-tosyl-9-acridinium carboxamide. 



9- The method as recited in claim 1 or 2 

wherein said compound is selected from 10-methyl-N-phenyl-N-tosyl-9-acridinium 
40 trifiuoromethanesulfonate, 1 0-methyl-N-phenyl-N-(p-bromobenzenesulfonyl)-9-acridinium 
trifiuoromethanesulfonate, 10-methyl-N-phenyl-N-(p-nitrobenzenesulfonyl)-9-acridinium 
trifiuoromethanesulfonate, 10-methyl-N-phenyl-N-(o-nitrobenzenesulfonyl)-9-acridinium 
trifiuoromethanesulfonate, or 1 0-methyl-N-phenyl-N-trifluoromethanesulfonyl-9-acridinium 
trifiuoromethanesulfonate. 

45 

10. The method as recited in claim 1 or 2 
wherein said compound is 
10-methyl-N-isopropyl-N-tosyl-9-acridinium carboxamide trifiuoromethanesulfonate, 1 0-methyl-N- 
isopropyl-N-(p-bromobenzenesulfonyl)-9-acridinium carboxamide trifiuoromethanesulfonate, 1 0-methyl- 
50 N-isopropyl-N-(o-nitrobenzenesulfonyl)-9-acridinium carboxamide trifiuoromethanesulfonate, or 10-meth- 
yl-N-isopropyl-N-trifluoromethanesulfonyl-9-acridinium carboxamide trifiuoromethanesulfonate. 



11. The method as recited in claim 1 or 2 wherein said compound is 

10-methyl-N-butyl-N-(2,4,6 trimethylbenzenesulfonyl)-9-acridiniumcarboxamide trifluoromethanesul- 
55 fonate, 10-methyl-N-butyl-N-(2,4,6,-tri-isopropyl-benzenesulfonyl)-9-acridinium carboxamide 
trifiuoromethanesulfonate, 10-methyl-N-butyl-N-tosyl-9-acridinium-carboxamide trifiuoromethanesul- 
fonate, 1 0-methy l-N-butyl-N-(p-bromobenzenesulfonyl)-9-acridinium carboxamide trifiuoromethanesul- 
fonate, 1 0-methyl-N-butyl-N-(o-nitropheny Isulfony l)-9-acridinium carboxamide trifiuoromethanesulfonate, 
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1 0-methyl-N-butyl-N-(p-nitrobenzenesuffonyl)-9-acridinium carboxamide trifluoromethanesulf onate, 1 0- 
methyl-N-butyl-N-(2,4-dinitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 
1 0-methyl-N-allyl-N-tosy l-9-acridinium carboxamide trifluoromethanesulfonate. 

5 12. The method as recited in claim 1 or 2 wherein said compound is 

6-{N-tosyl-N-(2-carboxyethyl)]-phenanthridinecarboxamide, methyl ester, 5-methyl-6-{N-tosyl-N-(2-car- 
boxyethyl)]-phenanthridiniumcarboxamide, methyl ester or 5-methyl-6-{N-tosyl-N-(2-carboxyethyl)]- 
phenanthridintumcarboxamide. 

;o 13. A method for performing a chemiluminescent immunoassay to test for the presence of an antigen or 
antibody to an antigen comprising the step of exposing a sample to a conjugate formed by an antibody 
or antigen conjugated to a chemiluminescent compound selected from compounds identified by the 
formula 



15 



20 



25 




z. n. 



and 



R-X 3 



30 



35 



40 



II 



X' — 




N- SO- 
R-X 3 



wherein R, R' and R" may independently include a member selected from the group consisting of 
45 alkylene, arylene, substituted alkylene and substituted arylene groups, such that: one or more 
hydrogens of said member is replaced by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, 
aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, 
mercapto or substituted mercapto group; or such that one or more carbon atoms of the member is 
replaced by a heteroatom; 

so wherein X\ X 2 , and X 3 are independently members of the group consisting of hydrogen, carboxy, 

carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidyloxycarbonyl and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 
from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl ( or a dinitro-benzene, provided that the other 
55 one is selected from n-butyl and phenyl; and 
wherein Y~ is an appropriate counter ion; 

with the proviso that R-X 3 , R'-X 2 and R"O0 may also independently be hydrogen, and 

with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , X 2 
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or X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, isothiocyanate, N- 
maleimide and N-succinimidylcarboxy, and the other one of R'-X 2 and R-X 3 is selected from hydrogen, 
alkyl, aryl, or benzyl, or such aryl or benzyl substituted by alkoxy, aryloxy, amino, or 
hydroxy, then X ! is different from H and R"-X 1 is different from H; 

and also selected from 1 0-methy l-N-allyl-N-p-toluenesulfony l-9-acridinium carboxamide 
trifluoromethanesulfonate. 

14. A method for performing a chemiluminescent assay to test for the presence of a nucleic acid 
comprising the step of exposing a sample to a conjugate formecTby a nucleic acid probe conjugated to 
a chemiluminescent compound selected from compounds identified by the formula 



and 




N-SO.-s'-JC* 
P.— X s 



II 




wherein R, R' and R" may independently include a member selected from the group consisting of 
alkylene, arylene, substituted alkylene and substituted arylene groups, such that: one or more 
hydrogens of said member is replaced by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, 
aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, 
mercapto or substituted mercapto group; or such that one or more carbon atoms of the member is 
replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxy, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidyloxycarbonyl and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 
from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other 
one is selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counter ion; 

with the proviso that R-X 3 , R'-X 2 and R"-X 1 may also independently be hydrogen; 
and also selected from 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate. 
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15. A method for preparation of a conjugate of an antibody or antigen and a chemiluminescent compound 
comprising the steps of covalently coupling an antibody or antigen to a chemiluminescent compound 
selected from compounds identified by the formulae 

5 




R-X 3 

and 

20 



25 

II 



30 




35 

wherein R, R* and R" independently comprise a member selected from the group consisting of 
alkylene, arylene, substituted alkylene, and substituted arylene groups such that: 

one or more hydrogens of said member is replaced by an alkyl, aryl, substituted alky I, substituted 
aryl, alkoxy, aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, 
40 thio, imino, mercapto or substituted mercapto group, 

or such that one or more carbon atoms of said member is replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidylcarboxy and N-maleimide groups; or 
45 wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 

from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other 
one is selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counter ion; 

with the proviso that R-X 3 , R'-X 2 and R"-X 1 may also independently be hydrogen, and 
so with the further proviso that when in the compounds of formula I in either one of R'-X 2 and R-X 3 , X 2 

or X 3 is selected from carbopentachlorophenoxy, carbo-p-nitrophenoxy, carboximido, isothiocyanate, N- 
maleimide, N-succinimidylcarboxy, carboxy, carboalkoxy, carboxamido and carboaryloxy, and the other 
one of R'-X 2 and 

R-X 3 is selected from hydrogen, alkyl, aryl or benzyl, or such aryl or benzyl substituted by alkoxy, 
55 aryloxy, amino, or hydroxy, 

then X 1 is different from H and R"-X 1 is different from H; 

and also selected from 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate. 
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16. A method for preparation of a conjugate of a nucleic acid probe and a chemiluminescent compound 
comprising the steps of covalently coupling a nucleic acid probe to a chemiluminescent compound 
selected from compounds identified by the formula 



and 




wherein R, R\ and R" may independently include a member selected from the group consisting of 
alkylene, arylene, substituted alkylene and substituted arylene groups, such that: one or more 
hydrogens of said member is replaced -by an alkyl, aryl, substituted alkyl, substituted aryl, alkoxy, 
aryloxy, halo, amino, protected amino, substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, 
mercapto or substituted mercapto group; or such that one or more carbon atoms of the member is 
replaced by a heteroatom; 

wherein X 1 , X 2 and X 3 are independently members of the group consisting of hydrogen, carboxy, 
carboalkoxyl, carboxamido, carboaryloxy, cyano, carboximido, isocyanato, isothiocyanato, suifo, sulfonyl 
halide, carbonyl halide, N-succinimidyloxycarbonyl and N-maleimide groups; or 

wherein one of R'-X 2 or R-X 3 can either be a nitro-benzene, provided that the other one is selected 
from phenyl, iso-propyl, n-butyl or benzyl 5-carboxypentyl, or a dinitro-benzene, provided that the other 
one is selected from n-butyl and phenyl; and 

wherein Y~ is an appropriate counter ion; 

with the proviso that R-X 3 , R'-X 2 and R"-X 1 may also independently be hydrogen; 
and also selected from 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide 
trifluoromethanesulfonate. 

Patentansprtiche 

Patentansprtlche fUr folgende Vertragsstaaten : BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. Eine chemilumineszente Verbindung, die aus Verbindungen entsprechend den folgenden Formeln 
gewahlt ist 
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I 




Y " 



und 



II 




I 



Y 



A 



wobei R, FT und R" unabhangig voneinander ein Glied aus der Gruppe bestehend aus Alkylen-, 
Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten derart, daB: 

einer oder mehrere Wasserstoffe des Glieds durch eine Alkyl-, Aryl-, substituierte Alkyl-, substitu- 
ierte Aryl-, Alkoxy-, Aryloxy-, Halogen-, Amino-, geschUtzte Amino-, substituierte Amino-, Hydroxy-, 
geschUtzte Hydroxy-, Oxo- t Thio-, Imino-, Mercapto- oder substituierte Mercaptogruppe ersetzt sind; 

oder derart, dafl ein oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt ist; 

wobei X 1 , X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
Carboxy-, Carboalkoxyl-, Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyan- 
at-, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimidylcarboxy- und der N-Maleinimidgrup- 
pe sind; oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, daB der andere 
aus Phenyl, lso-Propyl t n-B oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ist ein Dinitroben- 
zol, vorausgesetzt, daB der andere Rest aus n-Butyl oder Phenyl gewahlt ist; und 

wobei Y" ein geeignetes Gegenion ist; 

vorausgesetzt, daB R-X 3 , R^X 2 und R"-X 1 ebenfalls unabhangig voneinander Wasserstoff sein 
kbnnen, und 

unter dem weiteren Vorbehalt, da8, wenn in den Verbindungen nach Forme! I entweder in R'-X 2 
oder R-X 3 , X 2 oder X 3 aus einer Carbopentachlorphenoxy-, Carbo-p-nitrophenoxy-, Carboximido, Isot- 
hiocyanat-, N-Maleinimid- und IM-Succinimidylcarboxygruppe gewahlt ist, und der andere Rest aus R'- 
X 2 und R-X 3 aus Wasserstoff, Alkyl, Aryl oder Benzyl, oder solchem Aryl oder Benzyl, das durch 
Alkoxy, Aryloxy, Amino oder Hydroxy substituiert ist, gewShlt ist; 

dann X 1 kein Wasserstoff und R"-X 1 kein Wasserstoff ist; 

und auBerdem aus 10-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfo- 

nat. 

Die chemilumineszente Verbindung nach Anspruch 1, wobei Y~ ein Gegenion, gewahlt aus der Gruppe 
bestehend aus Sulfat, Alkylsulfat, Halogensulfat, Halogenborat, Halogenacetat, Halogenphosphat, 
Phosphat, Halogenid und Trifluormethansulfonat ist. 
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3. Die chemiiumineszente Verbindung nach Anspruch 1 ( wobei das Heteroatom aus der Grupp beste- 
hend aus Stickstoff, Phosphor, Schwefel und Sauerstoff gewahlt ist. 

4. Die chemiiumineszente Verbindung nach Anspruch 1, wobei R, FT und FT unabhangig voneinander die 
Formel 

•(CH 2 ) n - 

haben, mit n = 0 - 50. 

5. Die chemiiumineszente Verbindung nach Anspruch 1, wobei R" gleich -CIV ist, X 1 gleich -H ist, und 
R'-X 2 durch die folgende Formel beschrieben wird: 



6. Die chemiiumineszente Verbindung nach Anspruch 5, wobei die Verbindung 1 0-Methyl-N-[2-carboxy- 
ethyl]-N-tosyl-9-acridiniumcarboxamid ist. 

7. Die chemiiumineszente Verbindung nach Anspruch 5, wobei die Verbindung 10-Methyl-N-[4-carboxybu- 
tyl]-N-tosyl-9-acridiniumcarboxamid ist. 

8. Die chemiiumineszente Verbindung nach Anspruch 5, wobei die Verbindung 1 0-Methyl-N-[5-carbox- 
ypentyl]-N-tosyi-9-acridiniumcarboxamid ist. 

9. Die chemiiumineszente Verbindung nach Anspruch 1, wobei R" gleich -(CH 2 )3- ist, X 1 gleich -SOa- ist, 
und R'-X 2 durch die folgende Formel beschrieben wird: 



10. Die chemiiumineszente Verbindung nach Anspruch 9, wobei die Verbindung 10-(3-Sulfopropyl)-N-(2- 
carboxyethyl)-N-tosyl-9-acridiniumcarboxamid ist. 

11. Die chemiiumineszente Verbindung nach Anspruch 9, wobei die Verbindung 10-(3-Sulfopropyl)-N-(3- 
sulfopropyl)-N-tosyl-9-acridiniumcarboxamid ist. 

12. Die chemiiumineszente Verbindung nach Anspruch 1, wobei R'-X 2 durch die folgende Formel beschrie- 
ben wird: 






und wobei R-X 3 durch di folgende Formel beschrieben wird 
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13- Die chemilumineszente Verbindung nach Anspruch 1, wobei die Verbindung aus 10-Methyl-N-phenyl-N- 
tosyl-9-acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-phenyl-N-(p-brombenzolsulfonyl)-9- 
acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-phenyl-N-(p-nitroben2olsulfonyl)-9-acridinium- 
carboxamidtrifluormethansulfonat, 10-Methyl-N-pheny(-N-(o-nitrobenzolsu!fonyl)-9-acridiniumcarboxa- 
midtrif luormethansulfonat Oder 1 0-Methyl-N-phenyl-N-trifluormethansulfonyl-9-acridiniumcarboxamidtriflu- 
ormethansulfonat gewahlt ist. 

14. Die chemilumineszente Verbindung nach Anspruch 1, wobei die Verbindung 10-Methyl-N-isopropyl-N- 
tosyl-9-acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-isopropyl-N-(p-brombenzolsulfonyl)-9- 
acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-isopropyl-N-(o-nitrobenzolsulfonyl)-9-acridrni- 
umcarboxamidtrifluormethansulfonat Oder 10-Methyl-N-isopropyl-N-trifluormethansulfonyl-9-acridinium- 
carboxamidtrifluormethansulfonat ist. 

15. Die chemilumineszente Verbindung nach Anspruch 1, wobei die Verbindung 10-Methyl-N-butyl-N- 
(2,4,6-trimethylbenzolsulfonyl)-9-acridiniumcarboxamidtrifluormethansultonat, 10-Methyl-N-butyl-N- 
(2,4,6-triisopropylbenzoIsulfonyl)-9-acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-butyl-N-to- 
syl-9-acridiniumcarboxamidtrifluormethansulfonat,10-Methyl-N-butyl-N-(p-brombenzolsulfonyl)-9- 
acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-butyl-N(o-nitrophenylsulfonyl)-9-acridiniumcar- 
boxamidtrifluormethansuIfonat/IO-Methyl-N^ 

methansulfonat, 10-Methyl-N-butyl-(2,4-dinitrobenzolsulfonyl)-9-acridiniumcarboxamidtrifluormethansulfo- 
nat Oder 10-Methyl-N-allyl-N-tosyl-9-acridiniumcarboxamidtrif luormethansulfonat ist. 

16. Die chemilumineszente Verbindung nach Anspruch t, wobei die Verbindung 6-[N-Tosyl-N-(2-carboxy- 
ethyl)]-phenanthridincarboxamid, Methylester,5-Methyl-6-[-N-tosyl-N-(2-carboxyethyl)]-phenanthridinium- 
carboxamid, Methylester Oder 5-Methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamid ist. 

17. Verfahren zur Darstellung einer chemilumineszenten Verbindung, das folgende Schritten umfaSt: 
Zusammenbringen eines Amins mit der Formel 

X3-R-NH2 

mit einem Sulfonylhalogenid mit der Formel 
W-SCVR'-X 2 

in einem inerten Losungsmittel in Gegenwart einer Base unter Bildung eines Sulfonamids mit der 
Formel 

X^NHSCfeFVX 2 ; und 

Eintragen des Sulfonamids in ein ineiies Losungsmittel in Gegenwart einer Base unter Bildung eines 
Sulfonamidanions mit der Formel 

X^R-fsT-SCk-R'-X 2 M+ ; und 
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a) Acylierung mit einer aktivi rten 9-Acridincarbonsaure mit der Formel 



70 




15 



zur Darstellung der chemilumineszenten Verbindung mit der Formet 



20 



25 




30 wie in Anspruch 1 definiert, 

Oder von 

10-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfon oder 
b) Acylierung mit einer aktivierten Phenanthridin-6-carbonsaure mit der Formel 



35 



40 



45 




zur Darstellung der chemilumineszenten Verbindung mit der Formel 



so 



55 
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N-SO. 

I 



Y 



a- X s 



wie in Anspruch 1 definiert; 

wobei W aus der Gruppe bestehend aus Chlor- und Fluorgruppen gewShlt ist; und 
wobei M aus der Gruppe bestehend aus Li, Na und K gewahlt ist; und 

wobei Z aus der Gruppe bestehend aus Halogen-, Imidazole N-Hydroxysuccinimidyl- und 
Azidgruppen gewahlt ist. 

18. Verfahren zur Darstellung einer chemilumineszenten Verbindung, bestehend aus den Schritten: 
Zusammenbringen eines Amins mit der Formel 

X3-R-NH2 

mit einem Sulfonylhalogenid mit der Formel 
W-SOs-R'-X 2 

in einem inerten Losungsmittel in Gegenwart einer Base unter Biidung eines Sulfonamids mit der 
Formel 

X 3 RNHS0 2 R , X 2 ; und 

Eintragen des Sulfonamids in ein inertes Losungsmittel in Gegenwart einer Base unter Biidung eines 
Sulfonamidanions mit der Formel 

XS-R-lvr-SCfe-R'-X 2 M+ ; und 

a) Acylierung mit einer aktivierten 9-Acridincarbonsaure mit der Formel 




zur Darstellung einer Verbindung mit der Formel 
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DfoTo. 



70 



15 



H-X 4 '" 

und Zusammenbringen dieser Verbindung mit einem alkylierenden Agens mit der Formel 
Y-FT-X 1 

zur Darstellung einer chemilumineszenten Verbindung mit der Formel 



20 



25 



30 



oToiq 



35 



wie in Anspruch 1 definiert, 
Oder von 

10-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfonat, Oder 
b) Acylierung mit einer aktivierten Phenanthridin-6-carbonsMure mit der Formel 



40 



45 




0^-2 



50 



zur Darstellung einer Verbindung mit der Formel 



55 
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5 



10 




15 und Zusammenbringen dieser Verbindung mit einem alkylierenden Agens mit der Formel 

Y-FT-X 1 

zur Darstellung der chemilumineszenten Verbindung mit der Formel 



25 

II 



30 




35 wie in Anspruch 1 definiert; 

wobei W aus der Gruppe bestehend aus Chlor- und Fluorgruppen gewahlt ist; und 
wobei M aus der Gruppe bestehend aus Li, Na und K gewahlt ist; und 

wobei 2 aus der Gruppe bestehend aus Halogen-, Imidazol-, N-Hydroxysuccinimidyl- und 
Azidgruppen gewahlt ist. 

40 

19. Verfahren nach Anspruch 17 oder 18, wobei das Heteroatom aus der Gruppe bestehend aus Stickstoff, 
Phosphor, Schwefel und Sauerstoff gewahlt ist. 



20. Ein Konjugat, das von einem an eine chemilumineszentee Verbindung entsprechend Anspruch 1 
45 konjugiertem Antikorper oder Antigen gebildet wird, unter der weiteren Voraussetzung, dafl, wenn in der 

chemilumineszenten Verbindung nach Formel I entweder X 2 oder X 3 in R'-X 2 oder FV-X 3 eine Carboxy-, 
Carboalkoxy-, Carboxamid- oder Carboaryloxygruppe ist, und wenn der jeweils andere Rest aus R'-X 2 
und R-X 3 aus Wasserstoff, Alkyl, Aryl oder Benzyl oder einem solchen Aryl oder Benzyl gewahlt ist, 
das durch eine Alkoxy-, Aryloxy-, Amino- oder Hydroxygruppe substituiert ist, X 1 und R"-X 1 nicht 
so Wasserstoff sind. 

21. Verfahren zur DurchfUhrung eines Chemilumineszenz-lmmunoassays zum Nachweis auf Anwesenheit 
eines Antigens oder Antikorpers gegen ein Antigen nach Anspruch 20, umfassend den Schritt des 
Aussetzens einer Probe gegenOber einem Konjugat nach Anspruch 20. 

55 

22. Ein Konjugat, das aus einer an erne chemilumineszente Verbindung konjugierte Nucleinsauresonde 
gebildet ist, wobei die chemilumineszente Verbindung aus Verbindungen entsprechend den folgenden 
Formeln gewahlt ist: 
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und 




wobei R, FT und R" unabhangig voneinander ein Glied, gewahlt aus der Gruppe bestehend aus 
Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten, derart daB ein Oder 
mehrere Wasserstoffe dieses Glieds durch eine Alkyh Aryl-, substituierte Alkyl-, substituierte Aryl-, 
Alkoxy-, Aryloxy-, Halogen-, Amino-, geschutzte Amino-, substituierte Amino-, Hydroxy-, geschutzte 
Hydroxy-, Oxo-, Thio- t Imino-, Mercapto- Oder substituierte Mercaptogruppen ersetzt sind, Oder daS ein 
Oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt sind; 

wobei X 1 , X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, Carboxy- 
, Carboalkoxyl-, Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyanat-, Sulfo-, 
Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimidyloxycarbonyl- und der N-Maleinimidgruppe sind; 
oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, daB der andere 
Rest aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ist ein 
Dinitrobenzol ist, vorausgesetzt, daB der andere Rest aus n-Butyl oder Phenyl gewahlt ist; und 

wobei Y" ein geeignetes Gegenion ist; 

vorausgesetzt, daB R-X 3 , R'-X 2 und R"-X 1 auBerdem unabhangig voneinander Wasserstoff sein 
kSnnen; 

und auBerdem aus 1 0-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfo- 

nat. 

23. Verfahren zur Durchfuhrung eines Chemilumineszeneassays zum Nachweis des Vorhandenseins einer 
NucleinsSure nach Anspruch 22, welches den Schritt des Aussetzens einer Probe gegenGber einem 
Konjugat nach Anspruch 22 umfafit. 

PatentansprUche fUr folgende Vertragsstaaten : AT, ES 

1. Verfahren zur Darstellung einer chemilumineszenten Verbindung, bestehend aus den Schritten: 
Zusammenbringen eines Amins mit der Formel 

X 3 -R-NH 2 
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mit einem Sulfonylhalogenid mit der Formal 
W-SCb-R'-X 2 

5 in einem inerten Losungsmittel in Gegenwart einer Base unter Bildung eines Sulfonamids mit der 
Formel 

X^NHSOzFVX 2 ; und 

w Eintragen des Sulfonamids in ein inertes Losungsmittel in Gegenwart einer Base unter Bildung eines 
Sulfonamidanions mit der Formel 

X 3 -R-N--S0 2 -R'-X 2 M+ ; und 

75 a) Acylierung mit einer aktivierten 9-Acridincarbonsaure mit der Formel 




Y 



zur Darstellung der chemilumineszenten Verbindung mit der Formel 

30 



40 




45 oder 

b) Acylierung mit einer aktivierten Phenanthridin-6-carbonsaure mit der Formel 



50 

II 

55 




Y 
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zur Darstellung der chemilumineszenten Verbindung mit der Formel 




wobei R, FT und R" unabhangig voneinander ein Glied aus der Gruppe, bestehend aus Alkylen-, 
Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten, derart dafl ein oder 
mehrere Wasserstoffe des Glieds durch eine Alkyl-, Aryl-, substituierte Alkyl-, substituierte Aryl-, 
Alkoxy-, Aryloxy-, Halogen-, Amino-, geschutzte Amino-, substituierte Amino-, Hydroxy-, geschutzte 
Hydroxy-, Oxo-, Thio-, Imino-, Mercapto- oder substituierte Mercaptogruppe ersetzt sind, 

oder derart, dafl ein oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt 
sind; 

wobei X\ X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
Carboxy-, Carboalkoxyl-, Carboxamido-, Carboaryloxy- t Cyano-, Carboximido-, Isocyanat-, Isothiocy- 
anat-, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Carboxysuccinimid- und der N-Maleinimid- 
gruppe sind; oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, da8 der andere 
Rest aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl ge ist, oder aber einer ein 
Dinitrobenzol ist, vorausgesetzt, dafl der andere aus n-Butyl oder Phenyl gewahlt ist; und 
wobei Y - ein geeignetes Gegenion ist; 

wobei W aus der Gruppe bestehend aus Chlor- und Fluorgruppen gewahlt ist; und 
wobei M aus der Gruppe bestehend aus Li, Na und K gewahlt ist; und 

wobei Z aus der Gruppe bestehend aus Halogen-, Imidazol-, N-Hydroxysuccinimidyl- und 
Azidgruppen gewahlt ist; 

vorausgesetzt, dafl R-X 3 , R'-X 2 und R^-X 1 ebenfalls unabhangig voneinander Wasserstoff sein 
konnen, und 

unter dem weiteren Vorbehalt, dafl, wenn in den Verbindungen nach Formel I entweder in R'-X 2 
oder R-X 3 , X 2 oder X 3 aus einer Carbopentachlorphenoxy-, Carbo-p-nitrophenoxy-, Carboximido, 
Isothiocyanat-, N-Maleinimid- und N-Succinimidylcarboxygruppe gewahlt ist, und der andere von R'- 
X 2 und R-X 3 aus Wasserstoff. Alkyl, Aryl oder Benzyl, oder solchem Aryl oder Benzyl, das durch 
Alkoxy, Aryloxy, Amino oder Hydroxy substituiert ist, gewahlt ist, 
dann X 1 kein Wasserstoff und R"-X 1 kein Wasserstoff ist; 

und wobei die chemilumineszente Verbindung desweiteren 10-Methyl-N-allyl-N-p-toluolsulfonyl- 
9-acridiniumcarboxamidtrifluormethansulfonat sein kann. 

Verfahren zur Darstellung einer chemilumineszenten Verbindung, das aus den Schritten besteht: 
Zusammenbringen eines Amins mit der Formel 

X3-R-NH 2 

mit einem Sulfonylhalogenid mit der Formel 
W-SCVR'-X 2 

in einem inerten Losungsmittel in Gegenwart einer Base unter Bildung eines Sulfonamids mit der 
Formel 
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X^NHSOfFVX 2 ; und 

Eintragen des Sulfonamids in ein inertes Losungsmittel in Gegenwart einer Base unter Bildung eines 
Sulfonamidanions mit der Formel 

X^R-N'-SOa-R'-X 2 M+ ; und 

a) Acylierung mit einer aktivierten 9-Acridincarbonsaure mit der Formel 



QJPLO 



20 



zur Darstellung einer Verbindung mit der Formel 



25 



30 



35 




und Zusammenbringen dieser Verbindung mit einem alkylierenden Agens mit der Formel 
Y-R"-X 1 

zur Darstellung der chemilumineszenten Verbindung mit der Formel 



40 



45 



50 




55 



Oder 
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b) Acylierung mit einer aktivierten Phenanthridin-6-carbonsaure mit der Formel 



5 



10 




75 zur Darstellung einer Verbindung mit der Formel 



20 



25 




30 

und Zusammenbringen dieser Verbindung mit einem alkylierenden Agens mit der Formel 
Y-R"-X 1 

3$ zur Darstellung der chemilumineszenten Verbindung mit der Formel 



40 



45 




50 

wobei R, R' und R" unabhangig voneinander ein Glied enthalten aus der Gruppe bestehend aus 
Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen, derart daB ein Oder 
mehrere Wasserstoffe des Glieds durch eine Alkyl-, Aryl-, substituierte Alkyl-, substituiert Aryl-, 
Alkoxy-, Aryloxy-, Halogen-, Amino-, geschOtzte Amino-, substituierte Amino-, Hydroxy!-, geschOtzte 
55 Hydroxyl-, Oxo-, Thio-, Imino-, Mercapto- Oder substituierte Mercaptogruppe ersetzt sind, 

oder derart, daB ein oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt 
sind; 

wobei X 1 , X 2 und X 3 unabhSngig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
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Carboxy-, Carboalkoxy-, Carboxamido-, Carboaryioxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocy- 
anat-, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Carboxysuccinimid- und der N-Maleinimid- 
gruppe sind; oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, dafl der andere 
5 aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, Oder aber einer ist ein 

Dinitrobenzol, vorausgesetzt, dafl der andere aus n-Butyl oder Phenyl gewahlt ist; und 
wobei Y~ ein geeignetes Gegenion ist; 

wobei W aus der Gruppe bestehend aus Chlor- und Fluorgruppen gewahlt ist; und 
wobei M aus der Gruppe bestehend aus Li, Na und K gewahlt ist; und 
10 wobei 2 aus der Gruppe bestehend aus Halogen-, Imidazol-, N-Hydroxysuccinimidyl- und 

Azidgruppen gewahlt ist; 

vorausgesetzt, dafl R-X 3 , R'-X 2 und R"-X 1 ebenfalls unabhangig voneinander Wasserstoff sein 

konnen, und 

unter dem weiteren Vorbehalt, dafl, wenn in den Verbindungen nach Formel I entweder in R'-X 2 
75 oder R-X 3 , X 2 oder X 3 aus einer Carbopentachlorphenoxy-, Carbo-p-nitrophenoxy- f Carboximido, 

Isothiocyanat-, N-Maleinimid- und N-Succinimidylcarboxygruppe gewahlt ist, und der andere Rest 
aus R'-X 2 und R-X 3 aus Wasserstoff. Alkyl, Aryl oder Benzyl, oder solchem Aryl oder Benzyl, das 
durch Alkoxy, Aryloxy, Amino oder Hydroxyl substituiert ist, gewShlt ist, 
dann X 1 kein Wasserstoff und R M -X 1 kein Wasserstoff ist; 
20 und wobei die chemilumineszente Verbindung auch 10-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridi- 

niumcarboxamidtrifluormethansulfonat sein kann. 

3. Verfahren nach Anspruch 1 oder 2, wobei das Heteroatom aus der Gruppe bestehend aus Stickstoff, 
Phosphor, Schwefel oder Sauerstoff gewahlt ist. 

25 

4. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-Methyl-N-[2-carboxyethyl]-N-tosyl-9- 
acridiniumcarboxamid ist. 

5. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-Methyl-N-[4-carboxybutyl]-N-tosyl-9- 
30 acridiniumcarboxamid ist. 

6. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-Methyl-N-[5-carboxypentyl]-N-tosyl-9- 
acridiniumcarboxamid ist. 

35 7. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-(3-Sulfopropyl)-N-(2-carboxyethyl)-N-tosyl- 
9-acridiniumcarboxamid ist. 

8. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-(3-Sulfopropyl)-N-(3-sulfopropyl)-N-tosyl- 
9-acridiniumcarboxamtdist. 

40 

9. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung aus 10-Methyl-N-phenyl-N-tosyl-9-acridinium- 
carboxamidtrifluormethansulfonat, 10-Methyl-N-phenyl-N-(p-brombenzolsulfonyl)-9-acridiniumcarboxa- 
midtrifluormethansulfonat, 10-Methyl-N-phenyl-N-(p-nitrobenzolsulfonyl)-9-acridiniumcarboxamidtrifluor- 
methansulfonat, 10-Methyl-N-phenyl-N-(o-nitrobenzolsulfonyl)-9-acridiniumcarboxamidtrif!uormethansul- 

45 fonat oder 1 0-Methyl-N-phenyl-N-trifluormethansulfonyl-9-acridiniumcarboxamidtrifluormethansulfonat 
gewahlt ist. 

10. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-Methyl-N-tsopropyl-N-tosyl-9-acridinium- 
carboxamidtrifluormethansulfonat, 10-Methyl-N-tsopropyl-N-(p-brombenzolsulfonyl)-9-acridiniumcarboxa- 

60 midtrifluormethansulfonat,10-Methy^ 

methansulfonat oder 10-Methyl-N-isopropyl-N-trifluormethansulfonyl-9-acridiniumcarboxamidtrifluorme- 
thansulfonat ist. 

11. Verfahren nach Anspruch 1 oder 2, wobei die Verbindung 10-Methyl-N-butyl-N-(2,4.6-Trimethylbenzol- 
55 sulfonyl)-9-acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-butyl-N-(2,4,6-triisopropylbenzol- 

sulfonyl)-9-acridiniumcarboxamidtrifluormethansulfonat, 10-Methyl-N-butyl-N-tosyl-9-acridiniumcarboxa- 
midtrifluormethansulfonat,10-Methyl-N-butyl-N-(p-brombenzolsulfonyl)-9- 

acridiniumcarboxamidtrifluormethansulfonat, lO-Methyl-N-butyl-N-(o-nitrophenylsulfonyl)-9-acridinium- 
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carboxamidtrifluormethansulfonatJO 

fluormethansulfonat, 10-Methyl-N-butyl-N-(2,4-dinitrobenzolsulfonyl)-9^^ 

thansulfonat Oder 10-Methyl-N-ally!-N-tosyl-9-acridiniumcarboxamidtrifluormethansulfonat ist. 

12. Verfahren nach Anspruch 1 Oder 2, wobei die Verbindung 6-[N-Tosyl-N-(2-carboxyethyl)]-phenanthridin- 
carboxamid, Methyl-Ester, 5-Methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamid, Me- 
thyl-Ester Oder 5-Methyl-6-[N-tosyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxamid ist. 

13. Verfahren zur DurchfOhrung eines Chemilumineszenz-lmmunbassays zum Nachweis auf Anwesenheit 
eines Antigens oder eines Antikorpers gegen ein Antigen, das den Schritt beinhaltet, eine Probe einem 
Konjugat, das aus einem Antikorper oder Antigen, welches an eine chemilumineszente Verbindung 
konjugiert ist, gebildet wird, auszusetzen, wobei die chemilumineszente Verbindung aus Verbindungen 
entsprechend den folgenden Formeln gewahlt ist: 




und 




R-X 3 

wobei R, R' und R" unabhangig voneinander ein Glied, gewahlt aus der Gruppe bestehend aus 
Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten, derart daB ein oder 
mehrere Wasserstoffe dieses Glieds durch eine Alkyl-, Aryl, substituierte Alkyl-, substituierte Aryl-, 
Alkoxy-, Aryloxy-, Halogen-, Amino-, geschUtzte Amino-, substituierte Amino-, Hydroxy-, geschUtzte 
Hydroxy-, Oxo-, Thio-, Imino-, Mercapto- oder substituierte Mercaptogruppen ersetzt sind, oder daB ein 
oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt sind; 

wobei X 1 , X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
Carboxy-, Carboalkoxyh Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyan- 
at-, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimidyloxycarbonyl- und der N-Maleinimid- 
gruppe sind; oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist. vorausgesetzt dafl der andere aus 
Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ein Dinitrobenzol 
ist, vorausgesetzt, daB der andere aus n-Butyl oder Phenyl gewahlt ist; und 
wobei Y~ ein geeignetes Gegenion ist; 

vorausgesetzt, daB R-X 3 , R'-X 2 und R"-X 1 auBerdem unabhangig voneinander Wasserstoff sein 



56 



EP0 273 115 B1 



konnen, und 

unter dem weiteren Vorbehalt, daB, wenn in den Verbindungen nach Formel I entweder in R'-X 2 
Oder R-X 3 , X 2 oder X 3 aus einer Carbopentachlorphenoxy-, Carbo-p-nitrophenoxy-, Carboximido, Isot- 
hiocyanat-, N-Maleinimid- und N-Succinimidylcarboxygruppe gewahlt ist, und der andere Rest aus R'- 
5 X 2 und R-X 3 aus Wasserstoff, Alkyl, Aryl oder Benzyl, Oder solchem Aryl Oder Benzyl, das durch 
Alkoxy, Aryloxy, Amino oder Hydroxy substituiert ist, gewahlt ist, 

dann X 1 kein Wasserstoff und R"-X 1 kein Wasserstoff ist, 

und auch aus 1 0-Methyl-N-ally l-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrif luormethansulfonat. 

10 14. Verfahren fUr die DurchfUhrung eines Chemilumineszenzassays zum Nachweis auf Anwesenheit einer 
NucleinsSure, das den Schritt umfaBt, eine Probe einem Konjugat auszusetzen, daB aus einer Nuclein- 
sauresonde gebildet ist, die an eine chemilumineszente Verbindung konjugiert ist, welche aus Verbin- 
dungen entsprechend den folgenden Formeln gewahlt ist: 




45 wobei R, R' und R" unabhangig voneinander ein Glied, gewahlt aus der Gruppe bestehend aus 

Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthaiten, derart daB ein oder 
mehrere Wasserstoffe dieses Glieds durch eine Alkyl-, Aryl-, substituierte Alkyl-, substituierte Aryl-, 
Alkoxy-, Aryloxy-, Halogen-, Amino-, geschGtzte Amino-, substituierte Amino-, Hydroxy-, geschOtzte 
Hydroxy-, Oxo-, Thio-, Imino-, Mercapto- Oder substituierte Mercaptogruppen ersetzt sind, oder daB ein 

so oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt sind; 

wobei X 1 , X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
Carboxy-, Carboalkoxy-, Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyanat- 
, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimidyloxycarbonyl- und der N-Maleinimid- 
gruppe sind; oder 

55 wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, daB der andere 

aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ist ein 
Dinitrobenzol, vorausgesetzt, daB der andere aus n-Butyl oder Phenyl gewahlt ist; und 
wobei Y" ein geeign tes Gegenion ist 
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vorausgesetzt, daB R-X 3 , R'-X 2 und R^'-X 1 auSerdem unabhangig voneinander Wasserstoff sein 
kSnnen, 

und auch aus 1 0-Methyl-N-allyl-N-p-toIuolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfonat. 

5 15. Verfahren fOr die Darstellung eines Konjugats aus einem Antikorper oder Antigen und einer chemilumi- 
neszenten Verbindung, bestehend aus den Schritten kovalente Kupplung eines Antikorpers oder 
Antigens an eine chemilumineszente Verbindung, die aus Verbindungen nach einer der Formeln 
gewahlt ist: 



10 



15 



25 



30 




35 

wobei R, R' und R" unabhangig voneinander ein Glied, gewahlt aus der Gruppe bestehend aus 
Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten derart, daB: 

ein oder mehrere Wasserstoffe dieses Glieds durch eine Alkyl-, Aryl-, substituierte Alkyl-, substitu- 
ierte Aryl-, Alkoxy-, Aryloxy-, Halogen-, Amino-, geschGtzte Amino-, substituierte Amino-, Hydroxy-, 
40 geschdtzte Hydroxy-, Oxo-, Thio-, Imino-, Mercapto- oder substituierte Mercaptogruppen ersetzt sind, 

oder, daB ein oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt sind; 

wobei X 1 , X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, 
Carboxy-, Carboalkoxy-, Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyanat- 
, Sulfo-, Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimidylcarboxy- und N-Maleinimidgruppen 
45 sind; oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, daS der andere 
aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ein Dinitroben- 
zol ist, vorausgesetzt, daB der andere aus n-Butyl oder Phenyl gewahlt ist; und 

wobei Y~ ein geeignetes Gegenion ist; 
so vorausgesetzt, daB R-X 3 , R'-X 2 und R n -X 1 auBerdem unabhangig voneinander Wasserstoff sein 

konnen, und 

unter dem weiteren Vorbehalt, daB, wenn in den Verbindungen nach Formel I entweder in R'-X 2 
oder R-X 3 , X 2 oder X 3 aus einer Carbopentachlorphenoxy-, Carbo-p-nitrophenoxy-, Carboximido-, 
Isothiocyanat-, N-Maleinimid-, N-Succinimtdylcarboxy-, Carboxy-, Carboalkoxy-. Carboxamido- und Car- 
55 boaryloxygruppe gewahlt ist, und der andere Rest aus R'-X 2 und R-X 3 aus Wasserstoff, Alkyl. Aryl oder 
Benzyl, Oder solchem Aryl oder Benzyl, das durch Alkoxy, Aryloxy, Amino oder Wasserstoff substituiert 
ist, gewahlt ist, dann X 1 kein Wasserstoff und R"-X 1 kein Wasserstoff ist, 

und auBerdem aus 1 0-Methyl-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfo- 
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nat. 

16. Verfahren fUr die Darstellung eines Konjugats aus einer Nucleinsauresonde und einer chemilumines- 
zenten Verbindung, bestehend aus den Schritten kovalente Kupplung einer Nucleinsauresonde an eine 
5 chemilumineszente Verbindung, die aus Verbindungen nach einer der Formeln gewahlt ist: 



w 



15 



20 




0 ^SOz-R'-X* 



unci 

25 



II 

30 



35 




R-X 1 

wobei R, R' und R" unabhangig voneinander ein Glied gewShlt aus der Gruppe bestehend aus 
40 Alkylen-, Arylen-, substituierten Alkylen- und substituierten Arylengruppen enthalten, derart daB ein oder 
mehrere Wasserstoffe dieses Glieds durch eine Alkyl-, Aryl, substituierte Alkyh substituierte Aryl-, 
Aikoxy-, Aryloxy-, Halogen-, Amino-. geschUtzte Amino-, substituierte Amino-, Hydroxy-, geschtitzte 
Hydroxy-, Oxo-, Thio-, Imino-, Mercapto- oder substituierte Mercaptogruppen ersetzt sind, oder daB ein 
oder mehrere Kohlenstoffatome des Glieds durch ein Heteroatom ersetzt sind, 
45 wobei X\ X 2 und X 3 unabhangig voneinander Glieder der Gruppe bestehend aus Wasserstoff, Carboxy- 
, Carboalkoxyl-, Carboxamido-, Carboaryloxy-, Cyano-, Carboximido-, Isocyanat-, Isothiocyanat-, Sulfo-, 
Sulfonylhalogenid-, Carbonylhalogenid-, N-Succinimtdyloxycarbonyl- und N-Maleinimidgruppen sind; 
oder 

wobei einer der Reste R'-X 2 oder R-X 3 entweder ein Nitrobenzol ist, vorausgesetzt, daB der andere 
so aus Phenyl, Iso-Propyl, n-Butyl oder Benzyl-5-carboxypentyl gewahlt ist, oder aber einer ist ein 
Dinitrobenzol, vorausgesetzt, daB das andere aus n-Butyl oder Phenyl gewahlt ist, und 
wobei Y~ ein geeignetes Gegenion ist; 

vorausg setzt, daB R-X 3 , R'-X 2 und R'^X 1 auBerdem unabhangig voneinander Wasserstoff sein 
konnen, 

55 und auch 1 0-Methy l-N-allyl-N-p-toluolsulfonyl-9-acridiniumcarboxamidtrifluormethansulfonat. 
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Revendlcatlons 

Revendications pour les Etats contractants sulvants : BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. Compost chimiluminescent choisi parmi les composes represented par les formules : 




0 y~ so -~~ r/ ~-x j 

R-X 3 



et 



II 




0 7-^--^-^ 

R-X* 



35 dans lesquelles R, R* et R" represented ind£pendamment un membre choisi dans le groupe 

constitue des groupes alkylene, arylene, alkylene substitute et arylene substitue\ de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont remplac^s par un groupe alkyle, aryle, 
alkyle substitu6, aryle substitue, alcoxy, aryloxy, hald, amino, amino protege, amino substitue, hydroxy, 
hydroxy prot6ge\ oxo, thio, imino, mercapto ou mercapto substitue*, 

40 ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un heteroatome ; 

dans lesquelles X 1 , X 2 et X 3 represented ind£pendamment des membres du groupe constitue de 
I'hydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halogSnure de sulfonyle, halog^nure de carbonyle, N-succinimidylcar- 
boxy et N-mal£imide ; ou 

45 dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benzene, pourvu que I'autre soit 

choisi parmi les ph§nyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benzene, pourvu 
que I'autre soit choisi parmi fe n-butyle et ph^nyle ; et 

dans lesquelles Y~ est un ion appropri§ de signe oppose ; 

h la condition que R-X 3 , R'-X 2 et R"-X 1 puissent etre aussi ind£pendamment Thydrogene, et 
50 & la condition supplemental que, lorsque dans les composes de formule I dans Tun ou I'autre des 

groupes R'-X 2 et R-X 3 , on choisit X 2 ou X 3 parmi les carbopentachloroph^noxy, carbo-p-nitroph£noxy, 
carboximido, isothiocyanate, N-mal6imide et N-succinimidylcarboxy, et on choisit I'autre groupe R'-X 2 
et R-X 3 parmi les hydrogene, alkyle, aryle ou benzyle, ou de tels aryle ou benzyle sont substitues par 
un alcoxy, aryloxy, amino ou hydroxy, 
55 alors X 1 est different de H et R"-X 1 est different de H ; 

et peut etre aussi le 10-m^thyl-N-allyl-N-p-toluenesulfonyl-9-acridinium-carboxamide trifluorom&ha- 
nesulfonate. 
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2. Compost chimilumin scent selon la revendication 1, dans lequel Y~ est un ion de site oppose choisi 
dans le groupe constitug des sulfate, alkylsulfate, halosulfate, haloborate, haloac&ate, halophosphate, 
phosphate, halogSnure et trifluoromethanesulfonate. 

s 3. Compost chimiluminescent selon la revendication 1, dans lequel on choisit (edit h&Sroatome dans le 
groupe constitue de l-'azote, du phosphore, du soufre et de I'oxyg^ne. 

4. Compost chimiluminescent selon la revendication 1, dans lequel R, FT et R" represented independam- 
ment la formule : 

10 

-(CH 2 ) n - 

dans laquelle n = 0-50. 

75 5. Compost chimiluminescent selon la revendication 1, dans lequel R" est -CH 2 -, X 1 est -H, et R'-X 2 est 
represents par la formule : 



25 6. Compost chimiluminescent selon la revendication 5, dans lequel ledit compose* est le 10-m6thyl-N-[2- 
carboxyethyl]-N-tosyl-9-acridinium carboxamide. 

7. Compose chimiluminescent selon la revendication 5, dans lequel ledit compose est le 10-methyl-N-(4- 
carboxybutyl)-N-tosyl-9-acridinium carboxamide. 

30 

8. Compost chimiluminescent selon la revendication 5, dans lequel ledit compose* est le 10-methyl-N-(5- 
carboxypentyl)-N-tosyl-9-acridinium carboxamide. 

9. Compose chimiluminescent selon la revendication 1, dans lequel R" est -(CH2)3-, X" est -SO3- et R'-X 2 
35 est represents par la formule : 



10. Compost chimiluminescent selon la revendication 9, dans lequel ledit compost est le l0-(3-sulfopro- 
45 pyl)-N-(2-carboxyethyl)-N-tosyl-9-acridinium carboxamide. 

11. Compost chimiluminescent selon la revendication 9, dans lequel ledit compost est le 10-(3-sulfopro- 
pyl)-N-(3-sulfopropyl)-N-tosyl-9-acridinium carboxamide. 

so 12. Compost chimiluminescent selon la revendication 1, dans lequel R'-X 2 est represents par la formule : 



et dans lequel R-X 3 est represents par la formule : 
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0 



5 




•o 0 



10 

13. Compost chimiluminescent selon la revendication 1, dans lequel ledit compost est choisi parmi les 10- 
methyl-N-pheny!-N-tosyl-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-phenyl-N-(p- 
bromobenzenesulfony l)-9-acridinium carboxamide trifluoromethanesulfonate, 1 O-methyl-N-pheny l-N-(p- 
nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 O-methyl-N-pheny l-N-(o-ni- 

75 trobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate ou 10-methyl-N-ph£nyl-N-tri- 
fluoromethanesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

14. Compose* chimiluminescent selon la revendication 1, dans lequel ledit compost est le 10-methyl-N- 
isopropyl-N-tosyl-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-isopropyl-N-(p-bro- 

20 mobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-isopropyl-N-(o- 
nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate ou 1 0-methy l-N-isopropyl-N- 
trifluoromethanesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

15. Compose chimiluminescent selon la revendication 1, dans lequel ledit compose est le 10-methyl-N- 
25 butyl-N-(2,4,6-trimethylbenzenesuifonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-me- 

thyl-N-butyl-N-(2,4,6-tri-isopropyl-benzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate. 
1 0-methy l-N-butyl-N-tosyl-9-acridinium-carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(p- 
bromobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(o-ni- 
tropheny lsulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methy l-N-butyI-N-(p-nitroben- 
30 zenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-butyl-N-(2 t 4-dinitroben- 
zenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate ou 10-methyl-N-allyl-N-toxyl-9-acridi- 
nium carboxamide trifluoromethanesulfonate. 

16. Compose chimiluminescent selon la revendication 1, dans lequel ledit compose est le 6-[N-toxyl-N-(2- 
35 carboxyethyl]-phenanthridinecarboxamide, ester methylique, 5-methyl-6-[N-toxyl-N-(2-carboxyethyl]- 

phenanthridiniumcarboxamide, ester methylique ou 5-methyl-6-[N-toxyl-N-(2-carboxyethyl)]-phenanthridi- 
niumcarboxamide. 

17. Procede de preparation d'un compose chimiluminescent comprenant les etapes de : 
40 mettre en contact une amine representee par la formule : 

X3-R-NH 2 

avec un halogenure de sulfonyle represents par la formule : 

45 

W-S0 2 -R , -X 2 

dans un solvant inerte en presence d'une base pour former un sulfonamide represente par la 
formule : 

50 

XSRNHSCkR'X 2 ; 
et 

mettre en contact le sulfonamide dans un solvant inerte en presence d'une base pour former un 
55 anion sulfonamide represente par la formule : 
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X 3 -R-N--SO>-R'-X 2 



M+ 



et 

a) acyler avec un acide 9-acridinecarboxylique activS reprSsente par la formule : 



pour donner ledit compose chimiluminescent represents par la formule 




Y 



definie a la revendication 1 

ou le 10-mdthyl-N-ally!-N-p-tolu6nesulfonyl-9-acridinium carboxamide trifluoromSthanesulfonate 



ou 



b) acyler avec un acide ph6nanthridine-6-carboxyIique activS represents par la formule 



X'— 




pour donner I dit compose chimiluminescent represent^ par la formule : 
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II 




Y 



d^finie a la revendication 1, dans laquelle W est choisi dans le groupe constitue" des groupes 
chloro et fluoro ; et 

dans laquelle M est choisi dans le groupe constitue de Li-Na et K; et 

dans laquelle 2 est choisi dans le groupe constitue des groupes halo, imidazolo, N-hydroxysuc- 
cinimidyle et azido. 

18. Procede de preparation d'un compose chimilumtnescent comprenant les etapes de : 
mettre en contact une amine representee par la formule 



avec un halogenure de sulfonyle represents par la formule : 
W-S0 2 -R , -X 2 ; 

dans un solvant inerte en presence d'une base pour former un sulfonamide repr^sente par la 
formule 

X 3 RNHS0 2 R , X 2 ; 



mettre en contact le sulfonamide dans un solvant inerte pour former un anion sulfonamide 
repr^sente par la formule : 



X3-R-NH 2 



et 



X3-R-N--S0 2 -R'-X2 



M+ 



et 

a) acyler avec un acide 9-acridinecarboxylique active reprSsente* par la formule : 




pour donner un compose represente par la formule : 
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OTOTQ 



10 



15 



et mettre en contact ledit compose* avec un agent d'alkylation de formule 
Y-FT-X 1 

pour donner ledit compose* chimi luminescent represents par la formule : 



20 



25 



30 



r" — 




R-X* 



40 



45 



definie a la revendication 1 , 

ou le 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate, 



35 ou 



b) acyler avec un acide phenanthridine-6-carboxylique active represent^ par la formule : 



o. 



lOIQ 



so 



pour donner un compose represents par la formule : 



55 
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5 



70 




75 et mettre en contact (edit compose avec un agent d'alkylation de formule : 

Y-FT-X 1 

pour donner ledit compost chimiluminescent represent par la formule : 



30 




R-X 3 

35 

d£finie a la revendication 1 ; 

dans laquelle W est choisi dans le groupe constitu£ des groupes chloro et fluoro ; et 
dans laquelle M est choisi dans le groupe constitue de Li, Na et K ; et 

dans laquelle 2 est choisi dans le groupe constitue des groupes halo, imidazolo, N-hydroxysuc- 
40 cinimidyle et azido. 

19. Proc£de* selon la revendication 17 ou 18, dans lequel on choisit ledit h6t£roatome dans le groupe 
constitue de I' azote, du phosphore, du soufre et de I'oxygene. 

45 20. Conjugue forme par un anticorps ou un antig&ne conjugue a un compost chimiluminescent selon la 
revendication 1, avec la condition supplemental que, dans ledit compost chimiluminescent de 
formule I, Tun ou I'autre des groupes X 2 et X 3 dans R'-X 2 et R-X 3 est un carboxy, carboalcoxy, 
carboxamido ou carboaryloxy et on choisit I'autre groupe R'-X 2 et R-X 3 parmi les hydrogfene, alkyle, 
aryle ou benzyle ou de tels aryle ou benzyle sont substitu^s par un alcoxy, aryloxy, amino ou hydroxy, 

so alors X 1 et R"-X 1 sont difterents de H. 

21. Precede de realisation d'un essai immunologique chimiluminescent pour tester la presence d'un 
antigene ou d'un anticorps dirige contre un antigene selon la revendication 20 qui comprend retape 
d'exposer un echantillon a un conjugue selon la revendication 20. 

55 

22. Conjugue forme par une sonde d'acide nucieique conjugue a un compost chimiluminescent choisi 
parmi les composes represents par les formules : 
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I 




et _ 




n-f 

dans lesquelles R, R' et R" peuvent comprendre ind^pendamment un membre choisi dans le 
groupe constitue des groupes alkylene, arylene, alkylene substitue et arylene substitue, de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont remplac^s par un groupe alkyie, aryle, 
alkyle substitue, aryle substitue, alcoxy, aryloxy, halo, amino, amino protege, amino substitue, hydroxy, 
hydroxy protege\ oxo, thio, imino, mercapto ou mercapto substitue, 

ou qu'un ou plusieurs atomes de carbone dudit membre sont rem places par un h^teVoatome ; 

dans lesquelles X\ X 2 et X 3 represented independamment des membres du groupe constitue* de 
I'hydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halogenure de sulfonyle, halogenure de carbonyle, N-succinimidylcar- 
boxy et N-maieimide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benzene, pourvu que I'autre soit 
choisi parmi les phenyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benzene, pourvu 
que I'autre soit choisi parmi le n-butyle et le phenyle ; et 

dans lesquelles Y~ est un ion approprie* de signe oppose ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent §tre aussi independamment I'hydrogene et peut 
etre aussi le 10-m4thyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluorom^thanesulfonate. 

23. Procede de realisation d'un essai chimiluminescent pour tester la presence d'un acide nucl6ique selon 
la revendication 22 qui comprend I'etape d'exposer un echantillon a un conjugue selon la revendication 
22. 

Revendications pour les Etats contractants suivants : AT, ES 

1. Procede de preparation d'un compose chimiluminescent comprenant les Stapes de : 
mettre en contact un amine representee par la formule : 

X3-R-NH2 

avec un halogenure de sulfonyle represente par la formule : 
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70 



W-S0 2 -R , -X 2 

dans un solvant in rte en presence d'une base pour former un sulfonamide represents par la 
formule : 

X 3 RNHS0 2 R'X 2 ; 

et 

mettre en contact le sulfonamide dans un solvant inerte en presence d'une base pour former un 
anion sulfonamide represents par la formule : 



75 



X 3 -R-N--S0 2 -R'-X 2 



M+ 



20 



25 



30 



et 

a) acyler avec un acide 9-acridinecarboxylique activS represents par la formule 




pour donner ledit compose chimiluminescent represents par la formule : 



35 



40 



45 




0 N— SO.— o'—y* 



50 



55 
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b) acyler avec un acide ph6nanthridine-6-carboxylique activS represents par la formule 




Y 



pour donner ledit compose chimiluminescent represents par la formule : 



II 




R-X 1 

dans lesquelles R, R' et R" reprSsentent indSpendamment un membre choisi dans le groupe 
constitue des groupes alkylene, arylene, alkyfene substitute et arylene substitue, de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont remplaces par un groupe alkyle, aryle, 
alkyle substitue, aryle substituS, alcoxy, aryloxy, halo, amino, amino protege, amino substitue, 
hydroxy, hydroxy protSgS, oxo, thro, imino, mercapto ou mercapto substituS, 

ou qu*un ou plusieurs atomes de carbone dudit membre sont remplaces par un hSteroatome ; 

dans lesquelles X 1 , X 2 et X 3 reprSsentent indSpendamment des membres du groupe constituS 
de Phydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximi- 
do, isocyanato, isothiocyanato, sulfo, halogSnure de sulfonyle, halogSnure de carbonyle, N-succini- 
midylcarboxy et N-malSimide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benz$ne, pourvu que I'autre 
soit choisi parmi les phSnyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benz&ne, 
pourvu que I'autre soit choisi parmi le n-butyle et phSnyle ; et 

dans lesquelles Y~ est un ion appropriS de signe opposS ; 

dans lesquelles W est choisi dans le groupe constitue des groupes chlor et fluoro ; et 
dans lesquelles M est choisi dans le groupe constituS de Li, Na et K ; et 
dans lesquelles Z est choisi dans le groupe cosntituS des groupes halo, imidazolo, N- 
hydroxysuccinimidyle et azido ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent etre aussi indSpendamment Thydrogene, et 
a la condition supplemental que, lorsque dans les composes de formule I dans Tun ou I'autre 
des groupes R'-X 2 et R-X 3 , on choisit X 2 ou X 3 parmi les carbopentachlorophenoxy, carbo-p- 
nitrophSnoxy, carboximido, isothiocyanate, N-maleimide et N-succinimidylcarboxy, et on choisit 
I'autre groupe R'-X 2 et R-X 3 parmi les hydrogene, alkyle, aryle ou benzyle, ou de tels aryl ou 
benzyle sont substitues par un alcoxy, aryloxy. amino ou hydroxy, 
alors X 1 est differ nt de H et R"-X 1 est different de H ; 

et dans lesquelles ledit composS chimiluminescent peut etre aussi le 10-mSthyl-N-allyl-N-p- 
tolu£nesulfonyl-9-acridinium-carboxamide trifluoromSthanesulfonate. 
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ProcSdS de preparation d'un compose chimilumin scent comprenant les Stapes de : 
mettre en contact une amine representee par la formule : 

X3-R-NH 2 

avec un halogSnure de sulfonyle represents par la formule : 
W-S0 2 -R'-X 2 

dans un solvant inerte en presence d'une base pour former un sulfonamide reprSsentS par la 
formule : 

^RNHSOaR'X 2 ; 



mettre en contact le sulfonamide dans un solvant inerte en presence d'une base pour former un 
anion sulfonamide represents par la formule : 



et 



X 3 -R-N--S0 2 -R'-X 2 



M+ 



et 

a) acyler avec un acide 9-acridinecarboxylique activS represents par la formule : 




pour donner ledit composS chimiluminescent represents par la formule : 




et mettre en contact ledit composS avec un agent d'alkylation de formule : 



Y-R"-X 1 



pour donner ledit composS chimiluminescent represents par la formule : 
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r" — 




b) acyler avec un acide phenanthridine-6-carboxylique active* represent^ par la formule 




pour donner un compost represents par la formule : 




et mettre en contact led it compose* avec un agent d'alkylation de formule : 
Y-FT-X 1 

pour donner (edit compose* chimiluminescent repr^sente* par la formule : 



EP0 273 115 B1 



II 



10 



o 

- iZQIS 



75 dans lesquelles R, R* et R" representent ind^pendamment un nombre choisi dans le groupe 

constitue* des groupes alkylene, arylene, alkylene substitue* et arylene substitue\ de sorte que : un ou 
plusieurs atomes d'hydrogene dudit membre sont remplaces par un groupe alkyle, aryle, alkyle 
substitue\ aryle substitue\ alcoxy, aryloxy, halo, amino, amino prot§ge\ amino substitue\ hydroxy, 
hyroxy prot£ge\ oxo, thio, imino, mercapto ou mercapto substitue\ 

20 ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un heteVoatome ; 

dans lesquelles X 1 , X 2 et X 3 representent indSpendamment des membres du groupe constitue* 
de I'hydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximi- 
do, isocyanato, isothiocyanato, sulfo, halogdnure de sulfonyle, halog^nure de carbonyle, N-succini- 
midylcarboxy et N-maleimide ; ou 

25 dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benzene, pourvu que I'autre 

soit choisi parmi les ph^nyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benzene, 
pourvu que I'autre soit choisi parmi le n-butyle et le phenyle ; et 
dans lesquelles Y~ est un ion approprie* de signe oppose* ; 

dans lesquelles W est choisi dans le groupe constitue* des groupes chloro et fluoro ; et 
30 dans lesquelles M est choisi dans le groupe constitue* de Li, Na et K ; et 

dans lesquelles Z est choisi dans le groupe cosntitue* des groupes halo, imidazolo, N- 
hydroxysuccinimidyle et azido ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent etre aussi ind^pendamment I'hydrogene, et 
a la condition supplemental re que, lorsque dans les composes de formule I dans Tun ou I'autre 
35 des groupes R'-X 2 et R-X 3 , on choisit X 2 ou X 3 parmi les carbopentachlorophSnoxy, carbo-p- 

nitrophe'noxy, carboximido, isothiocyanate, N-maleimide et N-succinimidylcarboxy, et on choisit 
I'autre groupe R'-X 2 et R-X 3 parmi les hydrogene, alkyle, aryle ou benzyle, ou de tels aryle ou 
benzyle sont substitues par un alcoxy, aryloxy, amino ou hydroxy, 
alors X 1 est different de H et R"-X 1 est different de H ; 
40 et dans lesquelles ledit compose chimiluminescent peut etre aussi le 1 O-methyl-N-allyl-N-p- 

toluenesulfonyl-9-acridinium-carboxamide trifluoromethanesulfonate. 

3w Precede* selon la revendication 1 ou 2, dans lequel on choisit ledit h&eroatome dans le groupe 
constitue* de Pazote, du phosphore, du soufre et de I'oxygene. 

45 

4. ProcSde* selon la revendication 1 ou 2, dans lequel ledit compose* est le 10-m6thyl-N-[2-carboxy6thyl]- 
N-tosyl-9-acridinium carboxamide. 

5. ProcSde* selon la revendication 1 ou 2, dans lequel ledit compose* est le 1 0-m6thyl-N-(4-carboxybutyl)- 
50 N-tosyl-9-acridinium carboxamide. 

6. ProcSde selon la revendication 1 ou 2, dans lequel ledit compose* est le lO-m6thyl-N-(5-carboxypentyl)- 
N-tosyl-9-acridinium carboxamide. 

55 7. Procede* selon la r vendication 1 ou 2, dans lequel ledit compose est le 10-(3-sulfopropyl)-N-(2- 
carboxy&hyl)-N-tosyl-9-acridinium carboxamide. 
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8. Proceed selon la revendication 1 ou 2, dans lequel ledit compost est le 10-(3-sulfopropyl)-N-(3- 
sulfopropyl)-N-tosyl-9-acridinium carboxamide. 

9. Procede selon la revendication 1 ou 2, dans lequel ledit compose* est choisi parmi les 10-methyl-N- 
phenyl-N-tosyl-9-acridinium carboxamide trif luorom&hanesulfonate, 1 0-m6thyl-N-ph4nyl-N-{p-bromo- 
benzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N-ph^nyl-N-(p- 
nitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-phenyl-N-(o-ni- 
trobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate ou 10-methyl-N-phenyl-N-tri- 
fluoromethanesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

10. Procede selon la revendication 1 ou 2, dans lequel ledit compose* est le 10-methyl-N-isopropyl-N-tosyl- 
9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-isopropyl-N-(p-bromobenzenesulfo- 
nyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-isopropyl-N-(o-nitrobenzenesulfo- 
nyl)-9-acridinium carboxamide trifluoromethanesulfonate ou 10-methyl-N-isopropyl-N-trifluoromethane- 
sulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

11. Procede selon la revendication 1 ou 2, dans lequel ledit compose est le 10-methyl-N-butyl-N-(2,4,6- 
trimethylbenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 O-methyl-N-butyl-N- 
(2,4,6-triisopropyl-benzenesulfonyl)-9-acridiniurn carboxamide trifluoromethanesulfonate, 1 0-methyl-N- 
butyl-N-toxyl-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(p-bromobenze- 
nesulf onyl)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methy l-N-butyl-N-(o-nitropheny Isulfo- 
nyt)-9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-buty l-N-(p-nitrobenzenesulfonyl)- 
9-acridinium carboxamide trifluoromethanesulfonate, 1 0-methyl-N-butyl-N-(2,4-dinitrobenz§nesulfonyl)- 
9-acridinium carboxamide trifluoromethanesulfonate ou 10-methyl-N-aIlyl-N-toxyl-9-acridinium carboxa- 
mide trifluoromethanesulfonate. 

12. Procede selon la revendication 1 ou 2, dans lequel ledit compose est le 6-[N-toxyl-N-(2-carboxyethyl]- 
phenanthridinecarboxamide, ester methylique, 5-methyl-6-[N-tosyl-N-(2-carboxyethyl]-phenanthridinium- 
carboxamide, ester methylique, ou 5-methyl-6-[N-toxyl-N-(2-carboxyethyl)]-phenanthridiniumcarboxami- 
de. 

13. Procede de realisation d'un essai immunologique pour tester la presence d'un antigene ou d'un 
anticorps dirige contre un antigene qui comprend I'etape d'exposer un echantillon a un conjugue forme 
d'un anticorps d'un antigene conjugue a un compose chimiluminescent choisi parmi les composes 
representes par les formules : 



73 



EP 0 273 115 B1 




et 




dans lesquelles R, R' et R" represented ind^pendamment un nombre choisi dans le groupe 
constitue des groupes alkylene, arylene, alkylene substitute et arylene substitue, de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont rem places par un groupe alkyle, aryle, 
alkyle substitue, aryle substitue, alcoxy, aryloxy, halo, amino, amino protege, amino substitue, hydroxy, 
hydroxy protege, oxo, thio, imino, mercapto ou mercapto substitue, 

ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un h&eVoatome ; 

dans lesquelles X 1 , X 2 et X 3 represented independamment des membres du groupe constitue* de 
I'hydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halogenure de sulfonyle, halogenure de carbonyle, N-succinimidylcar- 
boxy et N-maieimide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benzene, pourvu que I'autre soit 
choisi parmi les ph^nyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benzene, pourvu 
que I'autre soit choisi parmi le n-butyle et le ph6nyle ; et 

dans lesquelles Y~ est un ion approprte de signe oppose" ; 

a la condition que R-X 3 , R'-X 2 et R'^X 1 puissent §tre aussi independamment I'hydrogene, et a la 
condition supplemental que, lorsque dans les composes de formule I dans I'un ou I' autre des 
groupes R'-X 2 et R-X 3 , on choisit X 2 ou X 3 parmi les carbopentachlorophSnoxy, carbo-p-nitroph^noxy, 
carboximido, isothiocyanate, N-maieimide et N-succinimidylcarboxy, et on choisit I'autre groupe R'-X 2 
et R-X 3 parmi les hydrogene, alkyle, aryle ou benzyle, ou de tels aryle ou benzyle sont substitu^s par 
un alcoxy, aryloxy, amino ou hydroxy, 

alors X 1 est different de H et R"O0 est different de H ; 

et peut etre aussi le 10-mdthyl-N-allyl-N-p-toluenesulfonyl-9-acridinium-carboxamide trifluorom&ha- 
nesulfonate. 

14. Procede de realisation d'un essai immunologique pour tester la presence d'un acide nucieique qui 
comprend l'£tape d'exposer un echantillon a un conjugue par une sonde d'acide nucieique conjugu^e a 
un compost chimiluminescent choisi parmi les composes represented par les formules : 
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n-X* 

dans lesquelles R, R' et R" represented ind^pendamment un membre choisi dans le groupe 
constitue des groupes alkylene, arylene, alkylene substitute et arylene substitue, de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont remplaces par un groupe alkyle, aryle, 
alkyle substitue, aryle substitue, alcoxy, aryloxy, halo, amino, amino protege, amino substitue, hydroxy, 
hydroxy protege, oxo, thio, imino, mercapto ou mercapto substitue, 

ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un h§teVoatome ; 

dans lesquelles X\ X 2 et X 3 represented independamment des membres du groupe constitue de 
Thydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halog^nure de sulfonyle, halogenure de carbonyle, N-succinimidylcar- 
boxy et N-maieimide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut etre un nitro-benzene, pourvu que Pautre soit 
choisi parmi les phenyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou di nitro-benzene, pourvu 
que I'aulre soit choisi parmi le n-butyle et la phenyle ; et 

dans lesquelles Y~ est un ion approprie* de signe oppose* ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent §tre aussi independamment Thydrogene et peut 
etre aussi le 10-m^thyl-N-allyl-N-p-toluenesulfonyl-9-acridinium carboxamide trifluoromethanesulfonate. 

15. ProcedS de preparation d'un conjugue d'anticorps ou d'antigene d'un compose chimiluminescent qui 
comprend les Stapes de coupler de maniere covalente un anticorps ou un antigene a un compose* 
chimiluminescent choisi parmi les composes represented par les formules : 
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dans lesquelles R, R' et R" represented independam merit un nombre choisi dans le groupe 
30 constitue des groupes alkyfene, arylSne, alkyfene substitute et aryfene substitue, de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont rempfaces par un groupe alkyle, aryle, 
alkyle substitue, aryle substitue, alcoxy, aryloxy, halo, amino, amino protege, amino substitue, hydroxy, 
hydroxy protege, oxo, thio, imino, mercapto ou mercapto substitue, 

ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un heteroatome ; 
35 dans lesquelles X 1 , X 2 et X 3 representent ind^pendamment des membres du groupe constitue de 

Thydrogene, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halogenure de sulfonyle, halog£nure de carbonyle, N-succinimidylcar- 
boxy et N-maleimide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut §tre un nitro-benz&ne, pourvu que Pautre soit 
40 choisi parmi les phenyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benz&ne, pourvu 
que I'autre soit choisi parmi le n-butyle et la phenyle ; et 
dans lesquelles Y~ est un ion approprie* de signe oppose ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent etre aussi independamment rhydrog§ne, et a la 
condition supplemental que, lorsque dans les composes de formule I dans Tun ou I'autre des 
45 groupes R'-X 2 et R-X 3 , on choisit X 2 ou X 3 parmi !es carbopentachlorophenoxy, carbo-p-nitrophenoxy, 
carboximido, isothiocyanate, N-maieimide et N-succinimidylcarboxy, et on choisit I'autre groupe R'-X 2 
et R-X 3 parmi les hydrog^ne, alkyle, aryle ou benzyle, ou de tels aryle ou benzyle sont substitues par 
un alcoxy, aryloxy, amino ou hydroxy, 

alors X 1 est different de H et R"-X 1 est different de H ; 
so et peut etre aussi le 10-methyl-N-allyl-N-p-toluenesulfonyl-9-acridinium-carboxamide trifluorometha- 

nesulfonate. 



16. Procede de preparation d'un conjugue d'une sonde d'acide nucleique et d'un compose chimilumines- 
cent qui comprend les etapes de coupler de manfere covalente un compose chimiluminescent choisi 
55 parmi les composes representes par les formules : 
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R-X 3 

dans lesquelles R, R' et R" reprSsentent ind^pendamment un membre choisi dans le groupe 
constitu^ des groupes alkylene, arylene, alkylene substitute et aryl&ne substitue\ de sorte que : 

un ou plusieurs atomes d'hydrogene dudit membre sont remplac^s par un groupe alkyle, aryle, 
alkyle substituS, aryle substitu^, alcoxy, aryloxy, halo, amino, amino prot§g6, amino substitue\ hydroxy, 
hydroxy protegd, oxo, thio, imino, mercapto ou mercapto substitue, 

ou qu'un ou plusieurs atomes de carbone dudit membre sont remplaces par un het^roatome ; 

dans lesquelles X 1 , X 2 et X 3 represented ind^pendamment des membres du groupe constitue' de 
rhydrog&ne, des groupes carboxy, carboalcoxyle, carboxamido, carboaryloxy, cyano, carboximido, 
isocyanato, isothiocyanato, sulfo, halog^nure de sulfonyle, halog^nure de carbonyle, N-succinimidylcar- 
boxy et N-mal6imide ; ou 

dans lesquelles Tun des groupes R'-X 2 ou R-X 3 peut §tre un nitro-benz6ne, pourvu que Pautre soit 
choisi parmi les phSnyle, iso-propyle, n-butyle ou benzyl-5-carboxypentyle ou dinitro-benzfcne, pourvu 
que I'autre soit choisi parmi le n-butyle et la ph^nyle ; et 

dans lesquelles Y~ est un ion appropn'6 de signe oppose ; 

a la condition que R-X 3 , R'-X 2 et R"-X 1 puissent etre aussi independamment l'hydrog§ne et peut 
etre aussi le 10-m6thyl-N-allyl-N-p-tolu§nesulfonyl-9-acridinium carboxamide trifluorom^thanesulfonate. 
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RNH 2 ♦ RS0 2 CI >RNHS0 2 r' 
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